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DEVELOPMENT  OF  SEXUAL  BEHAVIOR  IN  MALE 
GUINEA  PIGS  FROM  GENETICALLY  DIFFERENT 
STOCKS  UNDER  CONTROLLED  CONDITIONS  OF 
ANDROGEN  TREAT.MENT  AND  CAGING' 

WALTER  RISS,2  ELLIOT  S.  VALENSTEIN,  JACQUELINE 
SINKS  AND  WILLIAM  C.  YOUNG 

Department  of  Anatomy,  University  of  Kansas,  Lawrence,  Kansas 

The  differential  responsiveness  of  male  guinea  pigs  to  testosterone 
propionate  (t.p.)  as  measured  by  their  sexual  beha\dor  (Grunt  and 
Young,  1952)  is  attributed  in  part  to  the  influence  of  early  experience  on 
the  organization  of  sexual  behavior  patterns  (Valenstein,  Riss  and  Young 
1955;  Valenstein  and  Young,  1955).  These  patterns  differ  however  in  males 
from  genetically  different  strains  (Valenstein,  Riss  and  Young,  1954).  It 
appeared  likely  therefore  that  genetic  as  well  as  experiential  factors  con¬ 
tribute  to  the  organization  of  these  patterns  and  therefore  to  the  respon¬ 
siveness  to  t.p.  The  point  was  checked  in  the  present  experiment  in  which 
the  responses  of  different  genetic  strains  to  t.p.  were  studied  and  in  which 
the  influence  of  early  experience  was  controlled.  Opportunity  was  also 
provided  to  ascertain  if  the  testes  are  necessary  for  the  organization  of 
sexual  behavior  patterns  (Valenstein,  Riss  and  Young,  1955)  and  to  com¬ 
pare  the  schedules  of  development  of  sexual  behavior  in  genetically  differ¬ 
ent  strains. 

METHODS 

Briefly,  males  from  2  strains  were  compared  in  the  rate  of  development  of  sexual 
behavior  when  reared  under  equivalent  conditions  and  given  equivalent  quantities  of 
t.p.  Each  of  47  males  (the  isolated  males)  was  caged  with  a  lactating  female  until  day  25 

Received  January  10,  1955. 

‘  This  investigation  was  aided  in  part  by  research  grant  M504(c)  from  the  National 
Institute  of  Mental  Health  of  the  National  Institutes  of  Health,  Public  Health  Service, 
and  in  part  by  grant  44  from  the  University  of  Kansas  Research  Fund. 

*  Public  Health  Service  Research  Fellow  of  the  National  Institute  of  Mental  Health, 
present  address:  Department  of  Anatomy,  State  University  of  New  York,  State  Uni¬ 
versity  Medical  Center  at  New  York  City,  Brooklyn  2,  N.  Y. 


140 


RISS,  VALENSTEIN,  SINKS  AND  YOUNG 


Volume  57 


and  then  isolated.  Each  of  51  males  (the  socially  raised  males),  weaned  on  day  25,  was 
caged  with  two  females  of  the  same  age  from  the  day  of  birth.  In  each  of  the  conditions 
of  rearing,  approximately  half  the  animals  were  from  a  genetically  heterogeneous  stock 
and  half  from  the  highly  inbred  Strain  2.  This  history  of  Strain  2  is  given  elsewhere 
(Riss,  1955).  The  isolated  and  socially  raised  males  were  subdivided  into  four  groups 
containing  approximately  equal  numbers  of  males  from  the  two  strains:  (1)  intact  males, 
(2)  males  castrated  within  2  days  after  birth  and  injected  daily  with  25  /ug.  of  t.p.*  per 
100  gm.  body  weight  beginning  the  day  after  castration,  (3)  males  castrated  and  in¬ 
jected  as  above  except  that  500  Mg-  of  t.p.  were  given,  and  (4)  untreated  castrates.  The 
t.p.  dissolved  in  sesame  oil  was  injected  intraperitoneally. 

Rate  of  development  of  sexual  behavior  was  measured  in  two  ways:  by  recording  the 
age  at  which  a  particular  kind  of  response  first  appeared,  i.e.,  mounting,  and  by  using 
an  index  of  the  rate  at  which  all  responses  were  displayed,  i.e.,  the  sexual  behavior  score. 

Animals  were  given  a  ten-minute  test  at  each  week  of  age.  In  such  direct  tests  of 
sexual  behavior  the  male  was  given  an  estrous  female  of  nearly  equal  size.  If  the  male 
was  caged  with  females,  they  were  removed.  The  type  and  number  of  responses  were 
recorded  as  they  occurred.  A  more  complete  description  of  the  technique  of  testing  and 
scoring  is  given  elsewhere  (Grunt  and  Young,  1952;  Valenstein,  Riss  and  Young,  1954). 

Tests  were  terminated  at  the  17th  week  of  age  or  earlier  if  a  male  had  completed  6 
tests  after  the  appearance  of  his  first  ejaculation.  After  the  test  in  which  ejaculation 
first  appeared,  the  females  with  which  a  socially-reared  male  had  been  living  were  not 
returned  to  him.  If  no  ejaculation  occurred  by  day  90  the  females  were  removed  from 
him  at  that  time. 

The  advantage  of  using  both  rate  and  kind  of  response  lies  in  the  fact  that  it  provides 
a  means  of  distinguishing  between  the  particular  responses  which  an  animal  is  able  or 
stimulated  to  display  and  the  rate  at  which  they  are  shown.  It  is  recognized  that  scores, 
which  reflect  rate  of  response,  are  comparable  only  if  animals  show  evidence  of  being 
able  to  display  the  same  responses.  Such  responses  as  intromissions  and  ejaculation  may 
not  be  shown  by  animals  for  at  least  2  reasons:  1)  Failure  of  the  male  to  have  learned  to 
mount  and  maneuver  a  female  properly.  This  occurs  when  males  have  not  lived  with 
other  animals  for  a  sufficient  length  of  time  (Valenstein,  Riss  and  Young,  1955).  2)  In¬ 
adequate  development  of  the  structures  which  make  intromissions  possible,  i.e.,  the 
penis. 

Precautions  were  taken  to  assure  that  comparisons  of  score  were  made  only  on  ani¬ 
mals  who  were  potentially  capable  of  intromission  within  the  17-week  testing  period. 
The  precautions  were  the  following:  1)  Gross  measurements  were  made  of  the  penes 
and  fresh  seminal  vesicles  from  a  number  of  the  castrates  treated  with  25  and  500  mk- 
of  t.p.  and  from  intact  controls  at  the  end  of  17  weeks.  The  length  of  the  seminal  vesicles 
was  measured  from  the  bifurcation  to  the  distal  ends  of  the  horns.  The  weight  was  that 
of  the  entire  organ.  The  penis,  with  glans  retracted,  was  measured  from  its  distal  end 
to  the  insertion  of  the  most  distal  striate  muscle.  2)  Since  Strain  2  males  generally  do 
not  learn  to  mount  properly  after  living  the  first  25  days  with  only  a  lactating  female 
(Valenstein,  Riss  and  Young,  1955),  animals  living  with  female  companions  were  in¬ 
cluded.  Ninety  days,  the  age  chosen  for  separating  the  females  from  the  males,  is  beyond 
the  length  of  time  found  to  be  adequate  for  intact  males  (Valenstein,  Riss  and  Young, 
1955).  It  was  expected  therefore  that  a  17- week  testing  period  was  sufficiently  long  to 
demonstrate  any  retardation  due  to  other  variables. 

To  test  whether  the  process  of  learning  to  mount  and  maneuver  the  female  occurs 
independently  of  the  presence  of  testes,  untreated  castrated  males  raised  in  the  social 

®  Testosterone  propionate  was  supplied  by  Ciba  Pharmaceutical  Products,  Inc. 
Hereafter  the  amount  will  be  given  without  reference  to  100  gm.  body  weight  per  day. 
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situation  were  tested  until  day  70  or,  in  the  case  of  two  Strain  2  males,  until  day  90. 
The  males  were  tested  as  the  others  and  observed  particularly  for  mounting  and  ma¬ 
neuvering  of  the  female.  At  the  stated  ages,  the  females  were  removed  and  the  males 
were  injected  with  500  jug.  of  t.p.  for  7  weeks.  The  tests  of  sexual  behavior  were  con¬ 
tinued  during  this  period.  It  was  expected  that  if  the  males  had  learned  to  mount  and 
maneuver  properly,  intromission  and  ejaculation  would  occur  automatically  as  the 
necessary  structures  became  sufficiently  developed. 

RESULTS 

The  data  are  uniform  in  establishing  a  distinction  between  the  males 
from  the  heterogeneous  stock  and  Strain  2.  The  latter  develop  equivalent 
sexual  responses  at  later  ages  (Table  1)  and  finally  attain  scores  (rates  of 

Table  1.  Average  age  in  weeks  at  first  appearance  of  measures  of  sexual 

BEHAVIOR  AND  PROPORTION  OF  ANIMALS  EXHIBITING  THE  BEHAVIOR  UNDER 
CONTROLLED  CONDITIONS  OF  TESTOSTERONE  PROPIONATE  TREATMENT  AND 

CAGING 


Heterogenous  stock 

Strain  2 

Group 

Socially  raised 

Isolated 

Sociallj 

raised 

Isolated 

Age 

Pro¬ 

portion 

o  o 

o 

bH 

< 

Age 

Pro¬ 

portion 

4ge 

^  portion 

Mounting 

500  Mg  t-p. 

4.4 

6/6 

3.0 

7/7 

10.4 

6/7 

7.0  4/7 

Intact 

4.7 

7/7 

4.7 

5/7 

10.7 

7/7 

15.7  2/7 

25  Mg.t.p. 

6.9 

6/6 

6.4 

6/7 

9.7 

3/6 

9.6  3/7 

Untreated  Castrates 

5.0 

5/6 

3.9 

2/2 

11.0 

3/5 

—  0/2 

Intromissions 

500  Mg.t.p. 

6.1 

6/6 

4.4 

6/7 

11.1 

6/7 

10.0  2/7 

Intact 

7.3 

7/7 

6.7 

5/7 

11.3 

7/7 

—  0/7 

25  Mg.t.p. 

13.1 

2/6 

11.1 

2/7 

— 

0/6 

15.0  1/7 

Untreated  Castrates 

— 

0/6 

— 

0/2 

— 

0/5 

—  0/2 

Ejaculations 

500  Mg.t.p. 

8.4 

6/6 

8.0 

6/7 

9.9 

4/7 

13.0  1/7 

Intact 

7.9 

7/7 

7.1 

5/7 

11.7 

7/7 

—  0/7 

25  Mg.t.p. 

11.1 

1/6 

15.7 

2/7 

— 

0/6 

—  0/7 

Untreated  Castrates 

— 

0/6 

0/2 

— 

0/5 

—  0/2 

sexual  responses)  which  are  less  than  those  attained  by  the  heterogeneous 
males  (Fig.  1).  Daily  injections  of  500  jug-  of  t.p.  did  not  eliminate  the 
differences. 

The  influence  of  the  genetic  factor  on  the  schedule  of  development  of 
sexual  behavior  is  revealed  by  a  comparison  of  the  intact  males  raised  in 
the  social  situation.  Each  measure  of  sexual  beha\Tor  was  displayed  earlier 
by  the  heterogeneous  than  by  the  Strain  2  males:  mounting  with  pelvic 
thrusts  at  4.4  and  10.4  weeks  of  age,  intromission  at  7.3  and  11.3  weeks  and 
ejaculation  at  7.9  and  11.7  weeks.  Data  obtained  in  earlier  studies  were  not 
controlled  with  respect  to  the  genetic  and  experiential  factors,  but  the 
average  ages  at  the  time  of  the  first  mounting,  intromission  and  ejaculation 
were  given  as  45  days  (Louttit,  1929),  54  days  and  64  days  (Webster  and 
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WEEKS 

Fig.  1.  Average  sex  drive  scores  of  males  raised  in  the  social 
situation  at  each  week  of  age. 


Young,  1951),  respectively.  One  male  Avery  (1925)  observed  with  a  recep¬ 
tive  female  is  said  to  have  copulated  on  day  35. 

With  respect  to  the  rate  of  sexual  beha\’ior  only  intact  animals  and 
animals  treated  with  500  /ig.  t.p.  which  were  socially  reared  are  shown  in 
Figure  1  because  they  are  the  only  groups  whose  scores  are  comparable. 
They,  as  groups,  have  met  the  stated  criteria  of  sufficient  structure  and 
learning  to  show  complete  sexual  responses,  including  intromission,  within 
the  17-week  period.  Isolated  males  generally  showed  insufficient  learning 
(Table  1)  and  animals  treated  with  25  /xg.  t.p.  showed  retarded  structure 
(Table  2).  A  comparison  of  penes  and  seminal  vesicles  reveals  the  average 
w^eight  and  length  of  these  structures  were  significantly  greater  (P<.01) 
in  males  receiving  the  larger  quantity  of  hormone  than  in  those  receiving 
the  smaller.  In  the  males  receiving  500  fig.  of  t.p.,  the  measurements 
approached  those  in  the  intact  animals;  seminal  vesicle-  and  penis-length 
were  not  significantly  different  but  seminal  vesicle-weight  was  less 
(P  <.01).  The  reason  for  the  latter  difference  is  not  clear  to  the  writers. 
However,  the  obtained  difference  may  have  contributed  to  w'hat  appears 


Table  2.  Average  weight  and  length  of  seminal  vesicles  and  average  penis- 
length  IN  INTACT  AND  TESTOSTERONE  PROPIONATE  TREATED  CASTRATE  MALES* 


Intact 
500  Mg. t.p. 
25  Mg. t.p. 


Weight — Seminal 
vesicle 

(gm./lOOgm.  body  wt.) 


Length — Seminal 
vesicle 

(cm./lOO  gm.  body  wt.) 


Ijength — Penis 
(cm./lOOgm.  body  wt.) 


Av. 

S.D. 

N 

Av. 

S.D. 

N 

Av. 

S.D. 

N 

.43 

.08 

6 

1 .47 

.19 

6 

.57 

.05 

6 

.25 

.11 

9 

1 .41 

.25 

9 

.55 

.06 

8 

.04 

.02 

10 

.73 

.22 

11 

.44 

.04 

9 

*  Data  of  males  from  Strain  2  and  the  heterogeneous  stock  were  combined  since  there  were 
no  significant  differences. 
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to  be  a  decrease  in  the  performance  towards  the  end  of  the  testing  period 

(Fig.  1). 

Animals  given  500  jug-  were  precocious  in  the  expression  of  sexual  vigor 
following  treatment  with  the  larger  quantity  of  androgen.  At  3  to  4  weeks 
of  age  the  sexual  behavior  scores  of  the  injected  heterogeneous  and  Strain 

2  males  in  the  isolated  situation  were  significantly  higher  than  those  of 
their  untreated,  intact  controls  (P<.01  and  P<.001).  A  similar  trend  is 
seen  when  the  injected  heterogeneous  males  raised  in  the  social  situation 
and  their  untreated  intact  controls  are  compared.  The  increased  score  at 

3  and  4  weeks  may  be  spoken  of  as  increased  sexual  vigor  because  no  Strain 
2  males  mounted  at  that  time  and  only  some  of  the  hetrogeneous  were 
beginning  to  mount  (Table  1).  The  score  at  that  age,  therefore,  reflected 
an  increased  rate  of  nuzzling  and  abortive  mounting  (hurdling  or  leaning 
on  the  female)  more  than  an  earlier  maturity  of  behavior. 

Two  other  socially  reared  animals  showed  sexual  responses  earlier  than 
the  others  in  their  group.  They,  one  heterogeneous  and  one  Strain  2  male 
receiving  25  /xg-  of  t.p.,  were  found  to  have  testicular  fragments.  Their 
record  of  behavior  is  not  included  in  the  data  summarized  in  Table  1,  and 
penis-  and  seminal  vesicle-length  were  not  obtained,  but  both  males 
exhibited  mature  behavior  considerably  earlier  than  any  of  the  other 
animals  in  the  25  /xg*  group  and  earlier  than  most  of  the  animals  in  the 
500  Mg.  and  intact  groups.  The  heterogeneous  male  displayed  mounts  and 
thrusts,  intromissions  and  ejaculations  at  3,  6  and  6  weeks;  the  Strain  2 
male  at  4,  7  and  7  weeks.  The  performance  of  these  animals  suggests  that 
the  testicular  fragments  in  which  there  was  hyperplasia  of  interstitial  cells 
similar  to  that  described  by  Lipschutz  (1950)  were  secreting  androgen. 

The  suggestion  made  elsewhere  (Valenstein,  Riss  and  Young,  1955)  that 
development  of  the  capacity  for  the  complete  copulatory  act  depends  on 
contact  with  other  animals  is  confirmed.  Without  exception,  in  the  four 
groups  in  which  sufficient  hormone  was  present,  more  socially  raised  than 
isolated  males  attained  complete  copulation  (Table  1).  The  results  are 
more  striking  in  the  Strain  2  males,  but  had  the  more  rapidly  developing 
hetrogeneous  males  been  isolated  on  day  10  instead  of  on  day  25,  the  differ¬ 
ences  within  this  stock  would  have  been  greater  (Valenstein,  Riss  and 
Young,  1955). 

The  conclusion  that  the  effectiveness  of  t.p.  is  influenced  by  the  experi¬ 
ential  background  of  the  animal  (Valenstein  and  Young,  1955)  is  also 
confirmed.  With  regard  to  the  latter  point,  it  should  be  noted  that  t.p. 
alone  did  not  substitute  for  living  with  other  animals  (Table  1).  The  data 
on  the  socially  reared,  untreated  castrates  which  were  later  treated  with 
hormone  provides  further  support  for  the  conclusion.  Most  untreated 
castrates  in  the  heterogeneous  stock  displayed  mounting  proficiency  before 
hormonal  treatment,  although  the  amount  of  mounting  was  significantly  less 
than  in  their  intact  controls.  Subsequently,  when  they  received  daily  in- 
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jections  of  500  Mg-  of  t.p.,  the  amount  of  mounting  increased,  approaching 
that  exhibited  by  the  controls.  Five  of  the  6  went  on  to  achieve  ejaculation 
from  4  to  6  w'eeks  later.  The  one  animal  that  did  not  copulate  after  treat¬ 
ment  had  never  demonstrated  mounting.  The  performance  of  the  castrated 
Strain  2  males  raised  with  females  and  later  given  androgen  seems  to 
depend  on  the  time  they  were  isolated.  Three  that  were  isolated  and  in¬ 
jected  with  the  larger  quantity  of  t.p.  beginning  on  day  70  did  not  exhibit 
ejaculation  throughout  7  weeks  of  treatment,  although  1  male  mounted 
occasionally.  On  the  other  hand,  the  2  that  were  isolated  on  day  90  ejacu¬ 
lated  after  4  to  5  weeks  of  treatment.  This  is  not  surprising  in  view  of  the 
fact  that  Strain  2  males  do  not  consistently  display  mounting  before  day 
70  (Table  1). 


DISCUSSION 

Grunt  and  Young  (1952)  demonstrated  that  the  characteristic  level  of 
sexual  performance  of  the  male  guinea  pig  depends  on  the  responsiveness 
to  t.p.  rather  than  on  the  quantity  of  the  androgen.  It  has  since  been  shown 
(Valenstein,  Riss  and  Young,  1955;  Valenstein  and  Young,  1955)  that  the 
experiential  background  of  an  animal  can  be  an  important  factor  in  de¬ 
termining  the  responsiveness  to  a  hormone.  The  present  study  has  demon¬ 
strated  the  importance  of  the  genetic  background.  Regardless  of  the 
quantity  of  t.p.  administered,  the  genetically  heterogeneous  males  per¬ 
formed  at  a  higher  level  than  the  highly  inbred  Strain  2  animals  and 
exhibited  the  various  components  of  the  sexual  act  at  earlier  ages. 

The  data  suggest  the  role  of  t.p.  to  be  that  of  an  activator  rather  than  a 
direct  organizer  of  sexual  behavior.  The  organization  is  dependent  on 
variables  associated  with  the  strains  and  upon  opportunity  to  learn  the 
techniques  of  mounting  and  maneuvering  a  female.  Its  role  as  an  activator 
is  suggested  by  the  better  performance  of  the  males  treated  with  500  ng. 
t.p.  when  they  were  3  to  4  weeks  of  age.  The  performance  was  better  at 
that  time  largely  because  the  experimental  males  showed  an  increase  in  the 
rate  of  sexual  response.  It  is  not  clear  from  the  present  data,  however,  that 
the  age  at  which  particular  responses  appear  is  set  ahead  by  large  quanti¬ 
ties  of  t.p. 

The  problem  of  precocity  will  require  further  study.  When  androgen 
was  injected  into  prepubertal  rats  in  attempts  to  induce  sexual  beha\dor 
precociously,  the  median  age  of  the  first  copulation  (pelvic  thrusts  with 
intromissions  but  not  ejaculations)  was  set  ahead  about  20  days  (Stone, 
1940;  Beach,  1942).  Two  of  the  four  males  studied  by  Beach  displayed 
ejaculation  approximately  30  days  earlier  than  the  average  age  of  the 
untreated  males.  These  reports  led  us  to  expect  that  treatment  of  prepu¬ 
bertal  male  guinea  pigs  with  sufficiently  large  amounts  of  t.p.  would  be  fol¬ 
lowed  by  a  precocious  display  of  more  mature  sexual  responses.  This 
expectation  was  partially  realized  for  the  lower  measures  of  sexual  be- 
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havior,  but  not  consistently  for  intromission  and  not  at  all  for  ejaculation. 
The  difference  in  the  response  to  treatment  may  be  attributable  to  the 
circumstance  that  the  rats  used  by  Stone  and  Beach  were  intact  whereas 
the  guinea  pigs  used  in  this  study  were  castrated.  This  suggestion  is 
supported  by  the  fact  that  considerable  precocity  of  behavior  was  dis¬ 
played  by  the  two  male  guinea  pigs  containing  fragments  of  what  ap¬ 
peared  to  be  active  testicular  tissue.  The  need  of  the  young  male  for 
large  quantities  of  androgen,  whatever  its  origin,  could  be  accounted 
for  by  the  low  sensitivity  of  its  tissues  to  androgen  (Hooker,  1937,  1942; 
Price  and  Ortiz,  1944).  This  hypothesis  would  be  supported  by  the 
fact  that,  in  their  behavior  and  in  the  growth  of  penes  and  seminal 
vesicles,  the  response  of  the  castrated  male  guinea  pigs  receiving  500  jug. 
of  t.p.  was  much  nearer  that  of  the  intact  males  than  was  the  response  of 
the  males  receiving  the  smaller  quantity  of  hormone. 

Still  to  be  explained  is  the  fact  that  the  young  males  which  received 
25  jug-  of  t.p.  did  not  acquire  the  sensitivity  to  this  hormone  that  is  charac¬ 
teristic  of  the  adult  (Grunt  and  Young,  1952).  Sexual  behavior  was  at 
a  low  level  and  the  penes  and  seminal  vesicles  were  small,  even  at  17  weeks 
of  age.  The  males  treated  by  Grunt  and  Young  were  injected  subcutane¬ 
ously  whereas  those  used  in  this  experiment  were  injected  intraperitone- 
ally.  Reports  of  the  relative  effectiveness  of  the  two  routes  of  injection  are 
conflicting  (Deanesly  and  Parkes,  1937;  Rubinstein,  1944;  Leathern,  1948), 
consequently,  until  this  uncertainty  can  be  resolved,  the  possibility  that 
the  difference  in  responsiveness  of  pre-  and  post-pubertally  castrate  ani¬ 
mals  to  25  jug.  of  t.p.  was  due  to  the  manner  of  injection  cannot  be  excluded. 

Another  possible  explanation  comes  from  a  comparison  of  our  results 
with  those  reported  by  Beach  and  Holz  (1946)  who  castrated  a  group  of 
rats  the  day  of  birth  and  injected  them  with  t.p.  beginning  approximately 
5  months  later.  These  rats  did  not  execute  the  complete  copulatory  pattern 
as  frequently  as  males  which  had  been  castrated  when  they  were  older  and 
ejaculation  was  achieved  by  only  1  of  9  males.  The  general  failure  to  ejacu¬ 
late  was  attributed  to  a  retardation  of  penis  development  which  was  not 
overcome  by  subsequent  treatment  with  t.p.  In  our  experiments  in  which 
the  seminal  vesicles  were  also  studied,  both  structures  were  retarded  in 
males  castrated  within  2  days  after  birth,  but  the  response  was  better 
when  500  jug.  rather  than  25  jug.  of  t.p.  were  injected;  probably  therefore 
the  young  guinea  pig  requires  more  than  25  jug.  of  t.p.  for  the  growth  of  the 
penis  and  seminal  vesicles.  A  comparable  suggestion  was  made  by  Beach 
and  Holz  who  stressed  the  importance  of  testis  secretion  during  a  critical 
period  of  penile  growth  in  the  rat. 

SUMMARY  AND  CONCLUSIONS 

In  an  experiment  in  which  the  influence  of  contact  with  other  animals 
was  controlled,  an  effort  was  made  to  determine  (1)  if  the  responsiveness 
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of  castrated  male  guinea  pigs  to  injected  androgen  as  measured  by  sexual 
behavior  is  associated  with  the  genetic  background,  (2)  if  genetically 
determined  differences  can  be  overcome  by  hormonal  administration,  and 
(3)  if  testicular  hormone  is  necessary  for  development  of  the  capacity  for 
sexual  behavior. 

Regardless  of  the  quantity  of  t.p.  administered  up  to  500  jug.  per  100  gm. 
body  weight  per  day,  or  the  social  condition  of  rearing,  the  genetically 
heterogeneous  males  developed  faster  and  displayed  a  higher  level  of 
sexual  beha\dor  than  the  inbred  males.  It  is  concluded,  therefore,  that 
factors  peculiar  to  the  strains  modify  the  responsiveness  to  this  hormone. 
The  sexual  behavior  of  animals  castrated  at  birth  and  receiving  no  hor¬ 
monal  therapy  provided  e\ddence  that  the  presence  of  the  testes  is  not 
necessary  for  the  organization  of  sexual  behavior.  However,  relatively 
large  quantities  of  testicular  hormone  seem  necessary  for  the  growth  of 
the  penes  and  seminal  vesicles  of  young  animals. 

The  administration  of  500  ^g.  of  t.p.  resulted  in  precocity  in  mounting, 
but  neither  the  time  of  the  first  ejaculation  nor  the  ultimate  level  of  sexual 
behavior  w'as  similarly  affected.  Schedules  of  development  of  sexual 
behavior  of  males  raised  with  female  cage  mates  and  in  isolation  are  given. 
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FETAL-IVIATERNAL  ENDOCRINE  INTERRELATIONS: 
THE  HYPOPHYSEAL-ADRENAL  SYSTEM' 
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Department  of  Physiology,  Harvard  Medical  School  and  the  Biological  Research  Laboratory, 
Harvard  School  of  Dental  Medicine,  Boston,  Massachusetts 

The  observations  of  Ingle  and  Fisher  (1938)  and  of  Walaas  and  Walaas 
(1944)  that  adrenalectomy  of  pregnant  rats  results  in  hypertrophy  of 
the  fetal  adrenal  glands  and  the  findings  that  this  hypertrophy  can  be  pre¬ 
vented  by  the  administration  of  desoxycorticosterone  (Houssay,  1945; 
Walaas  and  Walaas,  1944)  raised  certain  questions  concerning  the  inter¬ 
relations  of  the  fetal  and  maternal  hypophyseal-adrenal  cortical  axes  and 
the  functional  integrity  of  the  fetal  pituitary-adrenal  system.  Specifically, 
is  the  fetal  adrenal  hypertrophy  observed  following  adrenalectomy  of  the 
mother  engendered  by  (a)  an  increased  secretion  of  maternal  ACTH  or 
(b)  an  increased  secretion  of  ACTH  from  the  fetal  pituitary  gland,  or  (c) 
both? 

A  considerable  amount  of  evidence  (Reviewed  by  Jost,  1953)  has  been 
adduced  to  indicate  that  the  fetal  pituitary-adrenal  axis  is  functional  and 
exhibits  many  of  the  interrelationships  described  in  adult  animals.  The 
suggestion  has  further  been  made  (Jost,  1953;  Jones,  Lloyd  and  Wyatt, 
1953)  that  maternal  ACTH  probably  does  not  cross  the  placenta  under 
physiological  circumstances. 

Jailer  (1950)  on  the  other  hand,  from  studies  on  neonatal  rats,  has  con¬ 
cluded  that  the  pituitary-adrenal  system  of  the  new-born  is  unresponsive 
to  stressful  stimuli  because  of  an  incapacity  in  the  ACTH  synthesis  and/or 
release  mechanism  since  the  fetal  adrenal  was  capable  of  responding  to 
exogenous  ACTH.  That  the  fetal  adrenal  gland  may  be,  at  least  in  part, 
under  the  control  of  the  maternal  hyophysis  has  been  implied  by  the  study 
of  Josimovich,  Ladman  and  Deane  (1954)  which  demonstrated  that  there 
was  a  decline  in  fetal  adrenal  weight  immediately  following  parturition. 

The  present  investigation  was  undertaken  to  establish  the  source  of 
the  ACTH  responsible  for  the  fetal  adrenal  hypertrophy  following  adrenal¬ 
ectomy  of  the  mother  and  to  determine  by  this  means  whether  maternal 
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ACTH  can  cross  the  placental  barrier,  as  well  as  to  elucidate  the  influence 
of  the  conceptus  on  the  maternal  hypophyseal-adrenal  cortical  system. 

MATERIALS  AND  METHODS 

Female  rats  of  the  Sprague-Dawley  strain,  weighing  approximately  200  gm.,  were 
utilized  in  this  study.  They  were  maintained  in  air-conditioned  quarters  at  between 
78-80®  F.  and  were  given  free  access  to  Purina  laboratory  chow  and  tap  water. 

The  procedures  employed  for  obtaining  and  timing  the  pregnancies  as  well  as  the 
methods  utilized  for  hypophysectomy  and  subsequent  verification  of  completeness  of 
operation  have  been  described  previously  (Knobil  and  Caton,  1953). 

Adrenalectomies  were  performed  through  dorso-lumbar  incisions  under  ether  anes¬ 
thesia.  Substitution  therapy  was  found  to  be  unnecessary  and  was  not  utilized  in  any 
of  the  experiments. 

The  animals  were  subdivided  into  the  following  experimental  groups: 

1.  Pregnant  controls. 

2.  Pregnant  rats  hypophysectomized  on  the  12th  day  of  gestation. 

3.  Pregnant  rats  adrenalectomized  on  the  14th  day  of  gestation. 

4.  Pregnant  rats  hypophysectomized  on  the  12th  day  and  adrenalectomized  on  the 
14th  day  of  pregnancy. 

5.  Non-pregnant  controls. 

6.  Hypophysectomized  non-pregnant  animals. 

All  control  animals  were  subjected  to  the  appropriate  sham  operations.  The  pregnant 
rats  were  sacrificed  on  the  21st  daj'  of  gestation  by  ether  inhalation.  The  hypophy¬ 
sectomized  non-pregnant  animals  were  sacrificed  in  the  same  manner  9  daj's  following 
operation. 

The  adrenal  glands  from  all  female  rats  not  previously  adrenalectomized  were 
promptly  removed,  trimmed  of  adhering  tissue  and  weighed  on  a  micro-torsion  balance. 
Total  cholesterol  (Knobil  et  al.,  1954)  and  ascorbic  acid  (Mindlin  and  Butler,  1938)  de¬ 
terminations  were  made  on  individual  glands  of  each  pair. 

In  the  pregnant  animals,  the  gravid  uterus  was  removed  in  toto,  the  fetuses  were 
dissected  free  of  placenta  and  membranes,  blotted  on  paper  toweling  and  weighed.  The 
fetuses  were  then  decapitated,  their  adrenals  were  removed  and  weighed  on  a  micro¬ 
torsion  balance.  Adrenal  ascorbic  acid  and  cholesterol  were  determined  in  pairs  of 
adrenals  from  individual  fetuses,  each  analysis  being  performed  on  alternate  fetuses. 

RESULTS 

I.  Effects  of  Hypophysectomy  and/or  Adrenalectomy  of  the  Mother  on  the 
Fetal  Adrenal — Figure  1. 

A.  Fetal  Adrenal  Weight.  Adrenalectomy  of  the  mother  on  the  14th  day 
of  gestation  effected  a  highly  significant  increase  (P<.001)  in  fetal  adrenal 
weight  as  observed  on  the  21st  day  of  gestation.  Hypophysectomy  of  the 
mother  on  the  12th  day  of  pregnancy  had  no  significant  effect.  The  increase 
noted  following  adrenalectomy  of  the  mother  was  abolished  if  hypophy¬ 
sectomy  preceded  the  adrenalectomy. 

B.  Fetal  Adrenal  Ascorbic  Acid  Concentration.  Hypophysectomy  of  the 
mother  resulted  in  a  decrease  in  ascorbic  concentration  (P<.02).  The  other 
procedures  were  without  effect. 

C.  Fetal  Adrenal  Cholesterol  Concentration.  None  of  the  experimental 
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Fig.  1.  Numbers  in  parentheses  refer  to  the  number  of  observations.  Legends  within 
vertical  columns  indicate  the  nature  of  the  operations  performed  on  the  mothers.  The 
vertical  lines  represent  2  standard  errors  of  the  mean. 

procedures  employed,  significantly  altered  the  concentration  of  choles¬ 
terol. 

II.  The  Effects  of  Pregnancy  on  the  Maternal  Adrenal  Gland — Figure  2 

A.  Maternal  Adrenal  Weight.  The  difference  in  adrenal  weight  between 
pregnant  and  non-pregnant  control  animals  is  not  a  significant  one.  The 
adrenal  glands  of  the  hypophysectomized  pregnant  animals  were  signifi¬ 
cantly  heavier  (P<.01),  however,  than  those  of  non-pregnant  rats  hypo¬ 
physectomized  for  the  same  length  of  time. 

B.  Adrenal  Ascorbic  Acid  Concentration.  Pregnancy  produced  a  signif¬ 
icant  decrease  (P<.05)  in  ascorbic  acid  concentration.  Pregnancy  par¬ 
tially  prevented  the  decrease  observed  following  hypophysectomy  (P<.05). 

C.  Adrenal  Cholesterol  Concentration.  Pregnancy  resulted  in  a  highly 
significant  decrease  (P<.01)  in  cholesterol  concentration  when  compared 
to  non-pregnant  animals.  The  rise  in  cholesterol  seen  after  hypophy¬ 
sectomy  in  non-pregnant  rats,  was  partially  prevented  when  this  operation 
was  performed  on  pregnant  animals.  The  difference  between  the  choles- 
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Fig.  2.  Numbers  in  parentheses  refer  to  the  number  of  observations.  The  vertical 
lines  rejiresent  2  standard  errors  of  the  mean. 


terol  concentrations  of  non-pregnant  and  pregnant  hypophysectomized 
rats  is  statistically  significant  (P<,01). 

DISCUSSION 

The  observation  that  adrenalectomy  of  the  pregnant  rat  results  in  a 
hypertrophy  of  the  fetal  adrenal  gland  (Ingle  and  Fisher,  1938;  Walaas  and 
Walaas,  1944)  has  been  confirmed.  From  the  data  presented  above  it 
appears  clear  that  this  hypertrophy  is  mediated  by  an  increased  secretion 
of  ACTH  by  the  maternal  pituitary  gland  in  response  to  adrenalectomy 
rather  than  by  an  increased  secretion  of  ACTH  by  the  fetal  pituitary  as 
suggested  by  Jost  (1953)  since  removal  of  the  maternal  hypophysis  prior  to 
adrenalectomy  completely  abolished  the  enlargement  of  the  fetal  adrenal 
glands. 

On  the  other  hand,  since  adrenalectomy  in  the  rat  results  in  a  relatively 
large  increase  in  the  secretion  of  ACTH  by  the  pituitary  gland  and  a 
consequent  rise  in  the  circulating  level  of  this  hormone  (Sydnor  and 
Sayers,  1954)  the  experiments  reported  here  do  not  establish  that,  during 
normal  pregnancy,  maternal  ACTH  crosses  the  placenta  and  plays  a 
significant  role  in  the  regulation  of  the  fetal  adrenal  gland.  The  finding  that 
hypophysectomy  of  the  mother  does  not  influence  fetal  adrenal  weight 
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suggests  that  ACTH  of  maternal  hypophyseal  origin  does  not  exert  a 
major  influence  in  this  regard.  It  thus  appears  unlikely  that  the  reduction 
in  fetal  adrenal  weight  observed  following  parturition  by  Josimovich  and 
co-workers  (1954)  can  be  attributed  to  the  removal  of  the  adrenal  gland 
of  the  new-born  from  the  influence  of  maternal  hypophyseal  ACTH. 

It  is  of  interest  that  adrenalectomy  of  the  mother  failed  to  modify  fetal 
adrenal  cholesterol  and  ascorbic  acid  concentrations  although  this  pro¬ 
cedure  resulted  in  a  highly  significant  increase  in  fetal  adrenal  weight.  This 
is  in  contrast  to  the  findings  of  Jones,  Lloyd  and  Wyatt  (1953)  that  the 
administration  of  relatively  large  amounts  of  ACTH  to  pregnant  rats 
depleted  the  fetal  adrenal  glands  of  ascorbic  acid  and  influenced  their 
cholesterol  content.  Unfortunately,  these  authors  did  not  report  the  effects 
of  this  treatment  on  fetal  adrenal  weight.  Our  observation  that  hypo- 
physectomy  of  the  mother  caused  a  significant  reduction  in  fetal  adrenal 
ascorbic  acid  concentration  whereas  hypophysectomy-adrenalectomy  did 
not,  defies  interpretation  at  the  present  time. 

Turning  to  the  effects  of  the  conceptus  on  the  maternal-pituitary- 
adrenal  system  our  data  indicate  that  pregnancy  is  accompanied  by  an 
increased  level  of  circulating  ACTH  as  evidenced  by  a  significant  reduc¬ 
tion  in  the  adrenal  cholesterol  and  ascorbic  acid  concentration  in  the 
pregnant  rats  when  compared  to  non-pregnant  controls.  This  increased 
ACTH  level,  however,  was  not  sufficient  to  produce  a  significant  increase 
in  adrenal  weight  of  pregnant  rats.  The  reduction  in  adrenal  cholesterol 
concentration  in  pregnant  rats  has  also  been  noted  by  Jones  et  al.  (1953) 
but  these  authors  failed  to  observe  any  change  in  adrenal  ascorbic  acid. 
That  the  increment  of  ACTH  responsible  for  the  increased  stimulation  of 
the  adrenal  glands  of  pregnant  rats  has  its  origin,  at  least  in  part,  in  the 
conceptus,  is  indicated  by  the  results  obtained  following  hypophysectomy 
of  the  pregnant  animals.  These  experiments  demonstrate  that  the  adrenal 
atrophy  in  the  hypophysectomized  non-pregnant  rat  is  significantly 
greater  than  in  the  hypophysectomized  pregnant  animal  indicating  partial 
maintenance  of  the  maternal  adrenal  gland  in  the  absence  of  maternal 
ACl  H.  This  observation  is  paralleled  by  the  partial  inhibition  of  the  rise  in 
adrenal  cholesterol  concentration  in  the  pregnant  hypophysectomized  rats 
when  compared  to  the  non-pregnant  hypophysectomized  animals.  Sim¬ 
ilarly,  the  decrease  in  adrenal  ascorbic  acid  content  following  hypophy¬ 
sectomy  is  significantly  reduced  by  pregnancy.  It  thus  seems  clear  that  the 
fetus  or  the  placenta  or  both  produce  sufficient  quantities  of  an  adreno- 
corticotropin  to  influence  the  maternal  adrenals  in  the  absence  of  the 
maternal  pituitary.  Whether  this  stimulation  is  capable  of  eUciting  the 
secretion  of  major  quantities  of  adrenal  cortical  hormones  by  the  maternal 
adrenal  cortex  is  doubtful  since  a  previous  study  has  shown  (Hofmann, 
Knobil  and  Caton,  1954)  that  hypophysectomized  pregnant  rats  do  not 
differ  from  hypophysectomized  non-pregnant  animals  in  their  reduced 
ability  to  excrete  water  loads. 
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Assali  and  Hamermesz  (1954)  have  recently  reported  the  isolation  of 
ACTH  from  the  chorionic  villi  of  human  placenta,  thus  enhancing  the 
possibility  that  the  source  of  adrenocorticotropin  in  the  hypophysecto- 
mized  pregnant  rat  may  also  be  placental.  Adrenocorticotropin  of  placental 
origin  in  the  rat  would  also  serve  to  explain  the  decrease  in  fetal  adrenal 
weight  after  parturition  observed  by  Josimovich  et  al.  (1954). 

SUMMARY  AND  CONCLUSIONS  • 

Adrenalectomy  of  pregnant  rats  resulted  in  a  highly  significant  increase 
in  fetal  adrenal  weight  (P<.001)  Hypophysectomy  of  pregnant  animals 
prior  to  adrenalectomy  abolished  this  increase.  Hypophysectomy  alone  had 
no  effect.  None  of  these  procedures  produced  an  alteration  in  fetal  adrenal 
cholesterol  concentration.  Hypophysectomy  of  the  mother  significantly 
(P<.02)  reduced  fetal  adrenal  ascorbic  acid  concentration,  but  in  the 
other  groups  it  remained  unchanged  when  compared  to  controls. 

Pregnancy  resulted  in  a  reduction  in  the  concentrations  of  maternal 
adrenal  cholesterol  and  ascorbic  acid.  The  conceptus  partially  maintained 
the  maternal  adrenal  glands  in  the  absence  of  the  maternal  pituitary  in 
terms  of  weight,  cholesterol  concentrations  and  ascorbic  concentration. 

It  is  concluded  from  these  experiments  that:  1)  the  fetal  adrenal  hyper¬ 
trophy  attendant  upon  adrenalectomy  of  the  mother  is  not  mediated  by 
the  fetal  pituitary  as  previously  suggested,  but  is  due  to  an  increased 
secretion  of  ACTH  by  the  maternal  pituitary,  2)  under  the  experimental 
conditions  employed  maternal  ACTH  does  cross  the  placenta,  3)  the  fetus 
or  the  placenta  or  both  produce  sufficient  quantities  of  an  adrenocorti¬ 
cotropin  to  influence  the  maternal  adrenal  gland  in  the  absence  of  the 
maternal  hypophysis.  The  possibility  that  this  increment  of  adrenocorti¬ 
cotropin  activity  may  be  of  placental  origin  in  the  rat  is  discussed. 
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HORMONALLY  INDUCED  MAMMARY  GROWTH  AND 
LACTATION  IN  THE  ABSENCE  OF  THE  THYROID 
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IT  HAS  been  reported  (Lyons  and  collaborators,  1953  and  in  press)  that 
the  administration  of  estrone,  progesterone,  lactogenic  hormone  and 
growth  hormone  to  hypophysectomized-gonadectomized  rats  with  or  with¬ 
out  adrenals  induces  complete  lobulo-alveolar  mammary  growth,  and  that 
after  such  a  regimen  lactation  may  be  initiated  by  continued  injections  of 
lactogenic  hormone  and  growth  hormone,  with  the  addition  of  cortisone 
or  hydrocortisone  acetate. 

However,  the  role  of  the  thyroid  was  undetermined  in  these  experi¬ 
ments;  such  animals,  since  they  have  been  hypophysectomized,  can  be 
considered  hypothyroidal,  but  they  cannot  properly  be  considered  athy- 
roidal.  Even  when  the  thyroid  has  been  removed,  some  residual  effect  of 
circulating  thyroid  hormone  may  still  be  evident  for  several  weeks  postop- 
eratively,  and  furthermore,  complete  surgical  removal  of  all  visible  thyroid 
tissue  from  the  adult  rat  never  warrants  the  assumption  that  no  thyroid 
tissue  remains.  In  recent  years  radio-iodine,  which  has  been  used  to  test 
the  completeness  of  surgical  thyroidectomy  (Reinhardt,  1942),  has  also 
been  shown  to  be  useful  for  destroying  all  thyroid  tissue  (Goldberg  et  al., 
1950). 

The  purpose  of  this  investigation  was  to  determine  whether  or  not  some 
thyroid  activity  is  necessary  for  mammary  growth  and  the  induction  of 
lactation,  by  injecting  purified  hormones  into  hypophysectomized-adrenal- 
ectomized-gonadectomized  rats  whose  thyroids  had  been  ablated  by 
surgery  or  treatment  with  or  by  a  combination  of  these  procedures. 

MATERIALS  AND  METHODS 

Twenty-four  female  rats  of  the  Long-Evans  strain,  half  of  which  were  surgically 
thyroidectomized  at  the  age  of  1 4  to  3  months,  were  used  in  these  experiments.  Three 
daj’s  after  the  operation  6  of  the  thyroidectomized  and  6  of  the  non-thyroidectomized 
rats  were  injected  intraperitoneally  with  700  pc.  of  Thus  four  groups  of  six  rats  each 
were  established;  (1)  thyroidectomized,  (2)  treated  with  P’*,  (3)  thyroidectomized  and 
treated  with  P®‘,  and  (4)  unoperated  and  untreated  with  All  the  rats  except  those  in 
group  4  were  then  kept  on  a  low-iodine  diet. 
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Six  weeks  after  the  administration  of  all  the  rats  were  hypophysectomized,  and 
three  days  after  hypophysectomy  the  ovaries  and  adrenals  were  removed.  On  the  day 
of  this  operation,  hormonal  injections  were  begun.  To  prepare  the  mammary  gland  for 
lactation  the  rats  were  given  1  jag.  of  estrone,  4  mg.  of  progesterone,  2  mg.  of  lactogenic 
hormone,  0.5  mg.  of  growth  hormone  and  1.2  mg.  of  hydrocortisone  acetate  subcuta¬ 
neously  each  day  for  the  first  week.  Half  of  the  rats  also  received  10  jug.  of  thyroxin  per 
day.  During  the  second  phase  of  injections  (7  days)  all  the  rats  received  5  mg.  of  lacto¬ 
genic  hormone,  1  mg.  of  growth  hormone  and  1.2  mg.  of  hydrocortisone  acetate.  Thy¬ 
roxin  was  continued  at  the  same  level  in  half  of  the  rats.  The  growth  and  lactogenic 
hormones  were  prepared  according  to  the  method  previously  described  (Li,  1954;  Cole 
and  Li,  in  press). 

The  metabolic  rate  was  determined  in  a  closed-system  apparatus  constructed  as 
previously  described  by  Kleiber  (1940).  The  rat  was  placed  in  the  system  and  allowed 
to  accommodate  to  the  new  environment  for  half  an  hour;  then  the  rate  of  02  consump¬ 
tion  was  determined  over  a  period  of  three  hours.  This  procedure  was  carried  out  on 
three  separate  occasions:  (1)  6  weeks  after  thyroidectomy  and/or  treatment  with 
(2)  during  the  week  after  removal  of  the  pituitary,  ovaries  and  adrenals,  when  estrone, 
progesterone,  lactogenic  hormone,  growth  hormone  and  hydrocortisone,  with  or  without 
th5Toxin,  were  being  injected,  and  when  the  mammary  glands  had  been  stimulated  but 
were  not  j’et  lactating;  and  (3)  during  the  phase  of  lactation  induced  by  injections  of 
lactogenic  hormone,  growth  hormone  and  hydrocortisone,  with  or  without  th3'roxin. 

RESULTS 

The  results  are  shown  in  Table  1.  Twenty-one  of  the  24  rats  survived; 
one  of  these,  because  it  was  found  to  have  a  pituitary  remnant  at  necropsy, 
was  excluded  from  the  series.  Rat  6  sickened  during  the  last  week  of  the 
experiment,  and  was  excluded  from  the  final  test.  Otherwise,  the  remaining 
animals  appeared  to  be  in  good  condition  in  spite  of  the  loss  of  weight 
which  followed  hypophysectomy.  The  daily  dose  of  growth  hormone  would 
ordinarily  be  expected  to  offset  this  loss,  but  the  hydrocortisone  acetate  in 
turn  neutralized  the  effect  of  growth  hormone.  In  spite  of  this  loss  in  body 
weight,  all  of  the  rats  manifested  extensive  mammary  growth  culminating 
in  lactation.  An  attempt  was  made  to  grade  dififerentially  the  degrees  of 
mammary  growth  and  lactation,  as  indicated  in  Table  1.  However,  the 
average  response  was  essentially  the  same  in  all  groups,  and  no  significant 
difference  was  noted,  regardless  of  the  rate  of  O2  consumption. 

The  average  rate  of  O2  consumption  in  ml./lOO  gm./hr.,  of  the  four 
non-thyroidectomized  rats  before  treatment  was  135.  After  hypophysec¬ 
tomy  and  treatment  with  estrone,  progesterone,  lactogenic  hormone, 
growth  hormone  and  hydrocortisone  acetate  with  or  without  thyroxin, 
the  rates  were  only  slightly  below  the  normal  figures. 

The  average  rate  of  O2  consumption  of  the  six  surgically  thyroidec- 
tomized  rats  before  treatment  was  75.7.  The  average  rates  of  two  of  these, 
which  had  received  all  of  the  hormones  except  thyroxin,  were  102  and  99 
respectively  during  the  lactational  phase,  whereas  that  of  the  three  which 
also  received  10  jug.  of  thyroxin  daily  was  126. 

The  average  O2  consumption  of  the  four  rats  treated  with  alone  was 
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Table  1.  Weight  change,  oxygen  consumption  and  mammary  reactions  in  rats 

AFTER  VARIOUS  OPERATIONS  AND  HORMONAL  TREATMENTS 


Riit 

Wt. 

9/5 

Wt. 

9/22 

Wt. 

change 

Experiments 

Oxygen  consumption 
in  ml.  per  100  gm. 
body  weight  per  hour 

Mam¬ 

mary 

growth 

Lac¬ 

tation 

I* 

lit 

Hit 

1 

188  , 

167 

-21 

X  on-thy  roidecto- 

121 

111 

108  1 

2.5-f 

2  + 

2 

166 

163 

-  3 

mized 

113 

101 

107  1 

3  + 

3  + 

3 

95.5 

2.5-t- 

4 

95.5 

2.5-1- 

5 

177 

156 

-21 

Thyroidectomized 

83 

84 

2.5-1- 

6 

240 

187 

-53 

70 

95.5 

— 

1  - 

7 

155 

137 

-18 

81 

96 

99 

3  + 

3  + 

8 

176 

159 

-17 

Thyroidectomized 

70 

94 

137 

3  + 

3-1- 

9 

184 

151 

-33 

-t-Thyroxin 

74.5 

— 

133 

3-1- 

3  -j- 

10 

190 

154 

-36 

75.5 

90 

108.5 

3-1- 

3.5-1- 

11 

175 

143 

-32 

J131 

76.5 

80 

82 

2.54- 

3-1- 

12 

188 

155 

-33 

84 

82 

84 

2.5-1- 

3+ 

13 

190 

178 

-12 

J131  -|-Thyroxin 

61 .5 

107 

120 

3  + 

2+ 

14 

224 

194 

-30 

60 

110 

121 

2-1- 

2-1- 

15 

169 

156 

-13 

Thyroidectomized 

66 

_ 

81 

4+ 

3+ 

16 

188 

166 

-22 

+  1131 

83 

76 

75 

3-1- 

2-1- 

17 

202 

175 

-27 

68 

78 

76 

3+ 

2+ 

18 

196 

183 

-13 

Thyroidectomized 

_ 

74.5 

143 

3-1- 

3.5-1- 

19 

203 

196 

—  7 

+  I>”+Thy- 

76 

93 

118 

3-1- 

3+ 

20 

176 

170 

!  - 

1 

roxin 

68 

109 

111 

3-1- 

2-t- 

*  Oxygen  consumption  measured  6  weeks  after  thyroidectomy  hy  surgery  and/or  B’*. 
t  Oxygen  consumption  measured  during  the  5  days  of  treatment  with  estrone,  progester¬ 
one,  lactogenic  hormone,  growth  hormone,  hydrocortisone  (-|- thyroxin  as  noted). 

t  Oxygen  consumption  measured  during  the  7  days  of  treatment  with  lactogenic  hor¬ 
mone,  growth  hormone,  hydrocortisone  (-|-thyroxin  as  noted). 


71.  When  two  of  these  animals  were  treated  with  all  of  the  hormones  but 
thyroxin,  the  rate  of  O2  consumption  was  not  increased  significantly  (80, 
82),  whereas  in  the  case  of  the  two  receiving  thyroxin  as  well,  a  100%  in¬ 
crease  in  O2  consumption  occurred  during  the  lactational  phase. 

The  average  O2  consumption  of  the  six  rats  surgically  thyroidectomized 
and  given  P®*  was  72.  Three  of  these  received  all  of  the  hormones 'except 
thyroxin  and  manifested  no  significant  change  in  O2  consumption  (average 
during  lactational  phase  =  77).  The  average  rate  of  the  three  that  also 
received  thyroxin  was  121. 


DISCUSSION 

It  has  been  indicated  by  the  results  of  earlier  experiments  that  lactation 
may  still  proceed  in  animals  with  low  metabolic  rates.  For  example. 
Nelson  and  Tobin  (1937)  found  that  rats  surgically  thyroidectomized 
during  or  before  pregnancy  lactated  adequately  for  suckling  their  offspring. 
However,  it  would  perhaps  be  more  appropriate  to  refer  to  these  animals 
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as  hypothyroidal  rather  than  athyroidal,  since  surgical  thyroidectomy  does 
not  necessarily  ensure  the  elimination  of  remaining  thyroid  tissue  or  of 
traces  of  residual  circulating  thyroid  hormone.  The  present  studies  have 
demonstrated  that  mammary  growth  and  lactation  can  be  induced  in 
animals  in  which  an  athyroidal  state  is  assured  conclusively  by  treatment 
with 

The  implication  of  our  experiments,  to  the  effect  that  thyroid  activity 
does  not  appear  to  be  essential  for  mammary  growth 'and  the  induction  of 
lactation,  is  not  necessarily  at  variance  with  the  results  of  earlier  work  like 
that  of  Graham  (1934,  1934b),  who  reported  a  decrease  in  milk  secretion 
(and  particularly  a  lowering  of  the  fat  content  of  the  milk)  in  cows  after 
thyroidectomy  and  a  restoration  to  normal  or  an  increase  over  normal 
when  thyroxin  was  administered.  That  substances  which  possess  thyroid 
activity,  such  as  iodocasein  and  the  like,  influence  lactation  at  least  with 
respect  to  the  quantity  or  the  composition  of  the  milk,  has  received 
abundant  proof  (see  Reineke  1946).  However,  it  is  still  to  be  determined 
to  what  extent  this  influence  may  be  exerted  directly,  by  an  anabolic 
effect  on  the  milk-secreting  cells,  and  to  what  extent  it  may  be  mediated 
through  organs  like  the  pituitary  and  the  adrenal. 

On  the  other  hand,  the  discrepancy  between  the  results  reported  herein 
and  those  of  Folley  et  al.  (1942),  who  found  lactation  in  rats  to  be  inter¬ 
rupted  by  surgical  thyroidectomy,  is  not  easily  explained,  unless  the  para¬ 
thyroid  glands  play  a  key  role,  as  suggested  by  the  latter  workers.  In  our 
animals,  only  that  parathyroid  tissue  associated  with  the  thyroid  gland 
proper  may  be  considered  to  have  been  ablated. 

Our  finding  that  rats  with  metabolic  rates  in  the  range  associated  with 
athyroidism  responded  well  to  the  hormones  which  promote  mammary 
growth  may  also  be  said  to  confirm  the  earlier  work  of  Leonard  and  Reece 
(1941),  who  demonstrated  that  rats  whose  thyroids  had  been  removed 
manifested  a  good  response  to  estrin. 

SUMMARY 

Hypophysectomized-adrenalectomized-gonadectomized  rats  w’hose 
thyroids  had  been  ablated  by  surgery  and/or  showed  lobulo-alveolar 
mammary  growth  following  injections  of  estrone,  progesterone,  lactogenic 
hormone  and  growth  hormone  for  1  week.  When  further  injections  of  lacto¬ 
genic  hormone  and  growth  hormone,  plus  hydrocortisone  acetate,  were 
administered  for  an  additional  one  week,  the  glands  secreted  an  abundance 
of  milk.  The  O2  consumption  of  the  rats  considered  to  be  athyroidal  was 
about  one  half  of  the  normal  rate,  or  one  half  of  the  rate  observed  in  such 
athyroidal  animals  injected  with  thyroxin. 
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INTRODUCTION 

DIFFERENCES  in  liver  nucleic  acid  patterns  following  hypophysec- 
tomy  and  a  restoration  toward  normal  by  growth  hormone  treatment 
have  been  described  by  Geschw’ind,  et  al.  (1950),  Di  Stefano,  et  al.  (1952), 
and  Bergerard  and  Tuchmann-Duplessis  (1953).  Di  Stefano,  el  al.  (1952), 
using  cytophotometric  methods  as  well  as  standard  chemical  techniques, 
were  able  to  demonstrate  that  the  liver  cells  of  hypophysectomized  rats 
contained  less  ribose  nucleic  acid  (RNA)  and  protein  than  did  those  of 
intact  controls.  After  treating  hypophysectomized  rats  for  seven  days  with 
a  purified  growth  hormone  preparation,  the  Uver  cells  contained  the  same 
amount  of  protein  as  that  found  in  the  cells  of  intact  controls.  Nuclear  and 
cytoplasmic  volume  paralleled  the  protein  pattern.  Under  these  conditions 
both  nuclear  and  cytoplasmic  RNA  values  were  found  to  be  higher  than 
those  seen  in  the  controls. 

The  alterations  in  cellular  proteins  and  nucleic  acids  described  above 
affords  an  opportunity  to  study  possible  relationships  between  these  sub¬ 
stances  in  the  mammalian  cell.  Since  it  is  possible  to  make  independent 
determinations  of  nuclear  and  cytoplasmic  nucleic  acid  and  protein  content 
of  individual  fixed  cells,  it  seemed  pertinent  to  investigate  the  time  se¬ 
quence  of  events  following  the  initiation  of  growth  hormone  treatment, 
and,  thereby,  to  ascertain  whether  or  not  the  demonstrated  nuclear  and 
cytoplasmic  effects  of  growth  hormone  occurred  in  some  sort  of  intra¬ 
cellular  sequence. 


MATERIALS  AND  METHODS 

Hypophysectomized  and  intact  Sprague  Dawley  rats  were  obtained  from  the  Hor¬ 
mone  Assay  Laboratory,  Chicago,  Illinois.  All  animals  were  maintained  on  a  diet  of 
canned  dog  food  and  allowed  to  feed  ad  libitum.  Four  days  postoperatively  rats  were 
separated  into  three  groups  containing  four  to  six  animals.  One  group  was  injected 
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intramuscularly  with  0.25  mg.  of  purified  pituitary  growth  hormone*  (Armour  and  Co., 
Lot  No.  491024)*  twice  daily  for  two  days;  a  second  group  was  similarly  treated  for  four 
days;  and  a  third  group  for  six  days.  All  rats  were  sacrificed  18  hours  following  the  last 
injection.  In  addition,  two  saline  injected  control  groups  were  sacrificed  with  each 
group  of  growth  hormone  treated  animals;  one  group  of  intact  controls  and  one  group 
of  hypophysectomized  rats  which  received  no  growth  hormone. 

Immediately  upon  sacrificing  the  animals,  the  liver  was  removed  and  weighed,  a 
piece  was  fixed  in  25%  neutral  formalin  for  cytochemical  analysis  and  the  remainder 
homogenized  and  lyophilized  for  chemical  analysis. 

The  cytophoto metric  apparatus  used  was  the  same  as  that  used  previously  (Di 
Stefano,  el  al.,  1952).  Paraffin  sections,  10  /x  thick  were  used  for  all  cytochemical  pro¬ 
cedures.  For  protein  determinations,  photometric  measurements  of  the  amount  of 
absorbing  material  produced  by  the  trichloracetic  Millon  reaction,  described  by  Pollister 
and  Ris  (1947),  were  made  of  nuclei  and  cytoplasm.  Determinations  of  desoxyribose 
nucleic  acid  (DNA)  were  made  using  the  Feulgen  reaction.  Sections  were  hydrolyzed 
for  14  minutes  in  N  HCl  at  60°  C.,  and  then  stained  with  the  Schiff  reagent  prepared 
according  to  the  directions  of  Stowell  (1945).  RNA  was  determined  by  means  of  basic 
staining  combined  with  ribonuclease  digestion.  Sections  were  digested  by  incubating 
for  three  hours  at  37°  C.  in  a  0.1%  aqueous  solution  of  ribonuclease  (Armour  and  Co., 
Lot  No.  9044X)  which  had  been  boiled  to  remove  any  traces  of  proteolytic  activity 
and  adjusted  to  pH  6  with  NaOH.  Control  sections  were  similarly  treated  except  for 
the  absence  of  ribonuclease  in  the  incubation  medium.  Both  control  and  digested 
sections  were  then  stained  with  Azure  A  (National  Aniline  Certification  No.  NAz  14) 
as  described  by  Flax  and  Pollister  (1949)  and  Pollister  (1950).  Thus  nuclear  and  cyto¬ 
plasmic  RNA  values  can  be  computed  by  subtracting  the  amount  of  dye  bound  after 
ribonuclease  digestion  (non-specific  absorption)  from  the  value  found  in  control  sec¬ 
tions.  Light  sources  and  filters  used  for  the  various  measurements  are  listed  in  a  previ¬ 
ous  publication  (Di  Stefano,  et  al.,  1952).  In  all  cases  extinction  measurements  of  plugs 
3  /X  in  diameter  were  made  through  nuclei  (nuclear  extinction  values  were  corrected  for 
extinction  due  to  cytoplasm  above  and  below  the  nucleus)  and/or  cytoplasm,  and  these 
values  converted  to  arbitrary  units  of  content  as  described  by  Swift  (1950). 

Tests  of  significance  between  group  means  were  made  using  the  Student  “t”  test  at 
the  1%  level  of  significance.  The  “t”  values  were  calculated  from  the  total  number  of 
measurements  on  individual  cell  nuclei  and  cytoplasm. 

Gross  chemical  analyses  of  nucleic  acids  were  performed  by  the  Schneider  method 
(1945).  The  values  were  calculated  as  mg.  nucleic  acid  per  100  gm.  liver  wet  weight,  and 
expressed  as  DNA/RNA  ratios. 


RESULTS 

Body  W eight.  During  the  six  day  treatment  period  the  mean  weight  gain 
of  the  growth  hormone-injected  hypophysectomized  rats  was  24  gm.  as  com¬ 
pared  with  4  gm.  for  those  injected  with  saline.  During  the  same  period 


*  It  is  generally  recognized  that  purified  pituitary  growth  hormone  preparations  of 
the  type  used  in  this  study  may  contain  traces  of  other  hormones,  particularly  thyroid 
stimulating  hormone  (TSH)  and  gonadotrophins.  The  effects  to  be  described  below  are 
to  be  ascribed  to  the  particular  preparation  used  in  this  study.  Further  work  will  reveal 
what  contribution,  if  any,  the  non-growth  hormone  components  of  the  preparation  make 
to  the  observed  experimental  results. 

*  The  purified  growth  hormone  was  generously  supplied  by  Mr.  Irby  Bunding  of  the 
Endocrine  Research  Division  of  Armour  &  Co. 
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the  control  rats  (which  were  the  same  age  and  sex  as  the  operated  ones) 
gained  about  40  gm.  Final  mean  weights  were  as  follows:  intact  controls 
152  gm. ;  growth  hormone  treated  hypophysectomized,  1 19  gm. ;  and  saline- 
injected  hypophysectomized,  100  gm. 

DNA.  The  DNA  results  are  summarized  in  Table  1.  It  will  be  seen  that 
the  liver  nuclei  of  the  hypophysectomized  rats  show  a  higher  diploid  to 
haploid  ratio  than  that  found  in  the  control  groups  and  that  this  ratio  in 
the  growth  hormone  treated  hypophysectomized  rats  is  not  different  from 
that  found  in  normal  controls.  As  shown  in  Table  1,  hypophysectomy  did 
not  alter  the  DNA  content  per  nucleus,  in  the  absence  of  growth  hormone 
treatment.  Although  two  days  after  the  beginning  of  growth  hormone 
treatment  the  diploid  nuclei  did  show  a  higher  DNA  content  than  did 
comparable  nuclei  of  untreated  hypophysectomized  and  intact  control 
rats,  this  difference  disappeared  by  the  end  of  the  treatment  period.  In  one 
experiment  the  DNA  and  the  ploidy  distribution  pattern  was  studied  21 
days  postoperatively.  At  this  time  the  diploid  and  tetraploid  DNA  values 
(9.78  +  0.20  and  18.9  ±0.4  respectively)  and  the  diploid  to  tetraploid  ratio 
did  not  differ  from  those  seen  at  the  end  of  the  6-day  treatment  period 
used  in  this  study. 

RNA.  The  RNA  results  are  summarized  in  Table  2.  Inspection  of  these 
data  reveals  that  both  nuclear  and  cytoplasmic  RNA  remain  essentially 
unchanged  for  the  duration  of  the  6-day  treatment  period  in  the  intact 
control  groups  and  in  the  saline-injected  hypophysectomized  groups.  The 
latter  showed  values  from  30  to  40%  below  those  seen  in  the  former.  In 
the  growth  hormone  treated  group  the  nuclear  RNA  was  equal  to  that  seen 
in  the  intact  control  group  after  only  two  days  of  treatment,  and  showed  a 
statistically  significant  “overshoot”  on  Days  4  and  6.  There  was  a  notable 
lag  in  the  cytoplasmic  response. 

Protein.  Nuclear  and  cytoplasmic  protein  data  are  summarized  in  Table 
3.  In  confirmation  of  our  previous  study  (Di  Stefano,  et  ah,  1952)  the  liver 
cells  of  hypophysectomized  rats  contained  less  nuclear  and  cytoplasmic 
protein  than  did  those  of  control  animals.  The  nuclear  and  cytoplasmic 
protein  content  of  both  the  controls  and  the  untreated  hypophysectomized 
rats  did  not  change  significantly  during  the  6-day  period  of  the  experiment. 
It  will  be  observed  that  the  nuclear  protein  content  of  the  growth  hormone 
treated  group  approached  that  of  the  intact  control  group  and  was  signifi¬ 
cantly  higher  than  that  of  the  untreated  hypophysectomized  group  even 
by  the  second  day  of  treatment.  In  contrast  to  these  results  the  cytoplasmic 
protein  content  had  not  increased  significantly  throughout  the  treatment 
period.  Again,  this  represents  a  clearcut  differentiation  between  the  re¬ 
sponse  of  the  nucleus  and  cytoplasm  to  the  hormonal  stimulus. 

Nuclear  and  Cytoplasmic  Volume.  Table  4  reveals  that  nuclear  and 
cytoplasmic  volumes  in  the  untreated  hypophysectomized  groups  were 
consistently  lower  than  were  those  in  the  intact  control  groups.  The 
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nuclear  volume  in  the  hormone  treated  animals  appeared  to  approach  the 
intact  control  levels  sooner  than  did  the  cytoplasmic  volume.  This  is 
consistent  with  the  findings  in  both  RNA  and  protein  content  described 
above. 

Chemical  Estimation  of  Nucleic  Acids.  Chemical  estimations  of  nucleic 
acids  were  performed  on  aliquots  of  the  livers  used  for  cytophotometric 
studies.  The  results  of  these  analyses,  presented  as  DNA/RNA  ratios,  are 
given  in  Table  5.  It  is  immediately  apparent  that  the  ratios  of  the  intact 
control  groups  tend  to  be  somewhat  lower  than  those  in  the  hypophysec- 
tomized  groups.  In  this  connection  it  is  of  interest  that  the  liver  cells  of  the 
hypophysectomized  rats  were  uniformly  smaller  than  were  control  cells. 
This  fact  could  account  for  the  presence  of  more  nuclei  per  unit  weight  of 
tissue  in  the  liver  of  the  hypophysectomized  rat.  The  apparent  shift  in  the 
DNA/RNA  ratio  towards  DNA,  therefore,  is  probably  the  result  of  having 
more  nuclei  in  the  tissue  sample  used  in  the  chemical  analysis  as  well  as  a 


Table  5.  DNA/RNA  ratios* 


Treatment 

No. 

Animals 

Days  of  treatment 

(Begun  4  days  after  hypophysectomy) 

2 

4 

6 

Controls 

5 

0.395+0.010 

0.395±0.011 

0.347+0.024 

Hypophysectomized 

5 

0.441  ±0.022 

0.449+0.010 

0.470+0.032 

Hypophysectomized 
plus  Growth  Hormone 

5 

0.559±0.043 

0.467+0.045 

0.479+0.030 

*  Ratios  expressed  as  mean  +  Standard  Error  of  the  mean. 


true  decrease  in  the  RNA  content.  The  highest  ratio  seen  was  that  of  the 
Day  2  growth  hormone  treated  hypophysectomized  group,  0.559  +  0.043. 
Cytophotometric  analysis  revealed  a  true  increase  in  DNA  per  diploid 
nucleus  on  this  day.  This,  in  addition  to  the  smaller  cell  size,  tended  to 
accentuate  the  DNA/RNA  ratio  increase.  On  Days  4  and  6,  although  the 
DNA  per  nucleus  and  the  RNA  had  returned  to  normal  levels,  the 
DNA/RNA  ratios  were  still  elevated  because  the  volume  of  individual 
cells  remained  at  levels  lower  than  those  found  in  controls. 

DISCUSSION 

In  an  earlier  study  (Di  Stefano,  et  al.,  1952)  it  was  reported  that  the 
DNA  content  per  tetraploid  liver  cell  nucleus  was  not  affected  by  hypophy- 
sectomy  or  by  growth  hormone  treatment  of  hypophysectomized  rats.  In 
1953,  Bergerard  and  Tuchmann-Duplessis  reported  a  15  to  20%  fall  in 
DNA  per  tetraploid  nucleus  18  days  following  hypophysectomy  and  a 
restoration  to  normal  with  growth  hormone  treatment.  The  data  reported 
herein  are  in  support  of  our  earlier  findings  and  in  disagreement  with  those 
of  Bergerard. 
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There  are  several  possible  explanations  which  could  be  offered  to  explain 
the  mechanism  of  the  observed  differences  in  ploidy  patterns  of  rat  liver 
cells  as  influenced  by  hypophysectomy  or  growth  hormone  replacement 
therapy.  There  is  the  possibility  that  hypophysectomy  results  in  an  arrest 
of  the  usual  shift  towards  polyploidy  which  normally  occurs  in  many  of 
the  liver  cells  of  the  rat  during  the  animal’s  growth,  and  that  treatment 
with  a  purified  growth  hormone  preparation  results  in  a  resumption  of  the 
synthetic  processes  which  are  necessary  for  this  characteristic  ploidy  shift. 
A  similar  arrest  at  the  diploid  stage  and  establishment  of  the  normal 
ploidy  pattern  following  growth  hormone  treatment  has  been  described  by 
Leuchtenberger,  et  al.  (1954)  in  mice  which  show  lack  of  pituitary  acido- 
philes  as  a  genetic  recessive  trait.  The  high  DNA  value  per  diploid  nucleus 
on  Day  2  in  the  growth  hormone  treated  hypophysectomized  group 
probably  represents  synthesis  of  DNA  prior  to  the  actual  doubling  of  the 
diploid  complement  of  chromatin  involved  in  the  ploidy  shift  described 
above.  The  larger  proportion  of  diploid  cells  seen  in  hypophysectomized 
animals  might  also  be  explained  on  the  basis  of  a  regression  of  some  tetra- 
ploid  nuclei  to  the  diploid  condition,  or  even  by  a  differential  selective  de¬ 
generation  or  destruction  of  cells  containing  tetraploid  nuclei.  Indeed,  it 
may  well  be  that  what  has  been  observed  may  have  resulted  from  a  combi¬ 
nation  of  the  mechanisms  suggested.  A  more  satisfactory  explanation  of 
mechanisms  responsible  for  these  differences  must  await  a  study  of  diploid- 
tetraploid  ratios  during  the  first  six  days  after  hypophysectomy.  Whatever 
the  reason  for  the  observed  differences  in  diploid  to  tetraploid  ratios  be¬ 
tween  hypophysectomized  and  control  animals,  treatment  with  a  purified 
growth  hormone  preparation  restores  the  ploidy  pattern  to  that  seen  in  the 
control  animals. 

From  Figure  1,  which  summarizes  the  RNA,  protein  and  volume  changes 
(expressed  as  per  cent  of  intact  control  values)  it  may  be  seen  that  the 
nuclear  changes  were  more  striking,  and  occurred  earlier,  than  those  in  the 
cytoplasm.  In  the  case  of  protein  the  contrast  between  the  nucleus  and 
cytoplasm  is  notew'orthy  because  here  there  was  no  appreciable  change  in 
the  cytoplasmic  protein  content  whereas  the  nuclear  protein  had  returned 
to  normal  as  early  as  the  second  day  of  treatment. 

The  nuclear  changes,  which  we  have  found  to  precede  cytoplasmic 
changes  in  a  cell  acutely  stimulated  by  growth  hormone  suggest  that  the 
nucleus  may  play  a  major  role  in  controlling  cytoplasmic  protein  synthesis. 
This  is  in  accord  with  a  number  of  observations  on  plant  and  animal  cells 
which  have  suggested  that  the  nucleus  is  essential  for  growth  of  the  cyto¬ 
plasm.  Brachet’s  (1950,  1951)  studies  on  Amebae  and  Waris’  (1950,  1951) 
studies  on  Desmid  Algae  are  in  support  of  this  view.  Lagerstedt’s  (1949) 
observations  on  changes  in  nuclear  and  cytoplasmic  basophilia  in  liver 
cells  of  rats  in  different  nutritional  states,  the  observations  of  Hyden  (1943) 
on  protein  formation  in  spinal  ganglion  cells  of  the  fish,  Lophius  piscatorius, 
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and  the  synthesis  of  cytoplasmic  protein  in  the  immediate  vicinity  of  the 
nucleus  of  regenerating  nerve  cells  which  have  been  described  by  Weiss  and 
Hiscoe  (1948)  are  also  suggestive  of  a  major  nuclear  role  in  governing 
cytoplasmic  protein  synthesis.  The  fact  that  RNA  was  the  only  cytoplas¬ 
mic  component  to  be  affected  by  the  hormonal  stimulus  to  protein  syn¬ 
thesis,  under  the  conditions  of  this  experiment,  is  in  accord  with  the  view 
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Fig.  1.  Summary  of  RNA,  protein  and  volume  changes  expressed 
as  per  cent  of  intact  control  values. 

that  an  increase  in  cytoplasmic  RNA  precedes  synthesis  of  cytoplasmic 
protein.  The  supernormal  levels  of  nuclear  RNA  in  liver  cells  of  hypophy- 
sectomized  rats  treated  with  growth  hormone  may  be  explained  by  the 
hypothesis  that  the  synthesis  of  ribonucleotides  occurs  in  the  nucleus  and 
that  the  cytoplasmic  RNA  necessary  for  cytoplasmic  protein  synthesis  is 
derived  from  the  nuclear  RNA  pool  (see  Caspersson,  1950;  Pollister,  1954). 
The  studies  of  Lagerstedt  (1949)  on  the  reduction  in  basophilia  of  liver 
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cell  nuclei  and  cytoplasm  induced  by  starvation  and  low  protein  diet,  and 
the  reappearance  of  basophilia  following  protein  repletion  are  pertinent  to 
the  results  of  the  present  report.  This  inv^estigator  found  that  on  starvation 
or  low  protein  diet  nuclear  basophilia  was  first  to  be  sharply  reduced  and 
this  was  followed  by  a  reduction  in  cytoplasmic  basophilia.  When  a  high 
protein  diet  was  fed  following  a  period  of  starvation  nuclear  basophilia  was 
first  to  increase  in  intensity.  In  fact,  Lagerstedt’s  results  suggest  the  pos¬ 
sibility  that  some  of  the  effects  of  hypophysectomy  and  growth  hormone 
treatment  described  in  the  present  study  may  be  related  to  variations  in 
spontaneous  food  intake  among  our  three  groups  of  animals  for  it  is  well 
known  that  hypophysectomized  animals  eat  less  than  do  normal  controls 
and  that  growth  hormone  treatment  may  result  in  increased  food  intake. 
An  exploration  of  this  possibility  must  await  further  experiments  in  which 
the  effects  of  hypophysectomy  and  growth  hormone  treatment  of  hypophy¬ 
sectomized  rats  will  be  studied  in  pair-fed  animals. 

No  biochemical  locus  of  action  relating  growth  hormone  to  protein 
synthesis  has  been  proposed.  The  authors  are  aware  that  merely  because 
changes  associated  with  growth  hormone  treatment  are  observed  in  certain 
parameters  which  happen  to  be  under  study  does  not  necessarily  imply 
that  the  locus  of  action  of  the  hormone  is  directly  upon  reactions  involving 
these  parameters.  Although  the  precise  biochemical  locus  of  action  of 
growth  hormone  is  not  known,  intracellular  changes  in  nucleic  acid  and 
protein  content  have  been  observed.  It  is  possible  that  growth  hormone 
influences  either  energy  yielding  reactions  coupled  with  protein  synthesis 
generally,  or,  with  nucleoprotein  synthesis  which  may  precede  the  synthe¬ 
sis  of  cell  protein.  Another  possibility  is  that  the  effect  might  be  on  syn¬ 
thetic  reactions  themselves.  The  present  data  do  not  permit  any  conclu¬ 
sions  about  the  intracellular  anatomical  locus  of  action  of  growth  hormone 
for  it  is  conceivable  that,  ev’en  though  the  first  visible  effects  are  on  the 
nucleus,  these  may  have  been  anteceded  by  reactions  occurring  in  the 
cytoplasm. 

SUMMARY 

A  study  was  made  of  the  sequential  changes  in  nuclear  and  cytoplasmic 
nucleic  acids  and  protein  as  well  as  volume  changes  that  occur  in  liver  cells 
following  the  administration  of  a  purified  growth  hormone  preparation  to 
hypophysectomized  rats. 

Within  a  given  class  of  ploidy,  hypophysectomy  did  not  alter  the  DNA 
content  per  nucleus.  Treatment  of  hypophysectomized  rats  with  a  growth 
hormone  preparation  resulted  in  an  early,  transient  increase  in  DNA  per 
nucleus,  followed  by  a  return  to  control  levels.  The  diploid  to  tetraploid 
ratios  of  nuclei  of  the  liver  cells  in  hypophysectomized  rats  were  larger  than 
those  found  in  control  animals  and  the  distribution  pattern  of  diploid  to 
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tetraploid  was  restored  to  control  levels  by  growth  hormone  administra¬ 
tion. 

Both  nuclei  and  cytoplasm  of  liver  cells  of  hypophysectomized  rats 
showed:  (1)  lower  protein  values,  (2)  less  RNA,  and  (3)  smaller  volumes 
than  did  those  of  control  rats.  Growth  hormone  treatment  of  hypophy¬ 
sectomized  rats  quickly  restored  nuclear  levels  of  these  parameters  to  those 
found  in  controls  but  cytoplasmic  levels  tended  to  lag  during  the  time 
period  of  this  study. 
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EFFECT  OF  THYROTROPIN  ADMINISTRATION  ON  THE 
IN  VITRO  UPTAKE  AND  CONVERSION  OF  P^'  AND 
RELEASE  OF  ORGANIC-BOUND  P^'  BY  THE 
ISOLATED  THYROID  GLAND 

C.  D.  ESKELSON,  H.  E.  FIRSCHEIN  and  H.  JENSEN 

Department  of  Biochemistry,  Army  Medical  Research  Laboratory, 

Fort  Knox,  Kentucky 

The  thyroid  gland  concentration  of  P®‘  found  after  administration  of 
a  tracer  dose  of  I‘®‘  has  been  correlated  with  the  physiologic  activity 
of  the  gland.  The  thyroidal  I‘*'  content  at  any  instant  reflects  the  balance 
between  uptake  and  output.  Decreased  content  may  signify  a  decreased 
uptake  or  a  normal  (or  even  increased)  uptake,  over-balanced  by  an  in¬ 
creased  output.  Botkin,  Eskelson,  Firschein  and  Jensen  (1954)  found  that 
simultaneous  administration  of  thyrotropin  and  P®*  to  rats  18  hours  before 
sacrifice,  followed  by  incubation  of  the  gland  in  buffer  for  4  hours,  resulted 
in  a  lowering  of  total  and  organic  P*‘  in  the  gland,  compared  with  the 
glands  from  animals  not  having  received  TSH.  There  also  was  a  lower 
total  and  organic  I^®‘  content  in  the  bath  in  which  the  glands  from  TSH- 
treated  animals  were  incubated,  compared  with  the  corresponding  values 
for  the  untreated  animals.  In  order  to  determine  whether  or  not  the  lower 
total  and  organic  P®‘  content  of  the  gland  from  the  TSH-treated  animal  is 
due  to  an  increased  turnover  of  P®‘  or  to  a  decrease  in  the  uptake  and  con¬ 
version  of  I^®‘,  the  influence  of  TSH  administration  on  the  ability  of  the 
isolated  thyroid  gland  to  concentrate  and  convert  P®‘  and  to  release 
organic-bound  I^®^  was  studied. 

MATERIALS  AND  METHODS 

Mule  rats  of  the  Sprague-Dawley  strain,  weighing  from  205  to  270  gm.  were  used 
throughout  the  experiment.  Food,  but  not  water,  was  withheld  for  15  to  24  hours  before 
sacrifice.  The  experimental  animals  were  injected  intraperitoneally  with  5  U.S.P.  units 
of  TSH^  in  1  ml.  of  saline  at  either  3,  6,  12,  24  or  42  hours  before  sacrifice.  The  control 
animals  received  a  single  intraperitoneal  injection  of  1  ml.  of  saline  at  the  same  time  the 
experimental  animals  received  TSH.  The  thyroid  glands  were  removed  as  previously 
described  (Botkin,  Eskelson,  Firschein,  and  Jensen,  1954)  and  incubated  at  37°  C. +  1° 
for  four  hours  with  constant  agitation  in  glass  stoppered  flasks  containing  2  ml.  of  modi- 
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fied  Krebs  buffer  (1950)  and  1  /ic.  of  P®'.*  Determinations  of  the  distribution  in  the 
gland  and  in  the  bath  were  carried  out  as  previously  described  (Botkin,  Eskelson, 
Firschein  and  Jensen,  1954).  Groups  of  12  animals  were  used  for  each  experiment. 

Further  details  of  the  experimental  conditions  are  given  in  the  various  tables.  The 
results  were  anlyzed  statistically  by  means  of  Student’s  “t”  test. 

RESULTS 

The  distribution  of  radioiodine  in  the  gland  and  bath  was  subject  to 
considerable  variations  in  different  experiments  which  for  this  reason  are 
tabulated  separately.  These  variations  may  be  due  in  part  to  conditions 
described  by  Storaasli,  Rosenberg  and  Friedell  (1953). 

It  is  evident  from  the  data  in  Table  1  that  3,  6  or  12  hours  after  TSH 
administration  to  rats  the  isolated  thyroid  gland  did  not  concentrate, 
conv'ert  and  store  in  vitro  to  the  same  extent  as  glands  from  control 
animals  which  were  injected  with  saline  at  3,  6  or  12  hours  before  sacrifice. 
The  release  of  organic-bound  1*®^  from  the  gland  into  the  bath  seems  to  be 
of  about  the  same  magnitude  for  the  treated  and  non-treated  animals.®  At 
24  hours  after  TSH  administration  the  gland  seemed  to  have  regained 
the  capacity  to  take  up,  convert  and  store  P®‘  to  the  same  degree  as  the 
gland  not  previously  stimulated  by  TSH  administration  (Table  1).  At  36 
hours  after  TSH  administration  the  differences  between  the  control  and  ex¬ 
perimental  gland’s  r®‘  content  were  not  consistent  enough  for  any  con- 
clusiv^e  evaluation.  For  this  reason  the  36-hour  values  are  not  reported. 
Forty-two  hours  after  TSH  administration  there  was  an  indication  of  an 
increase  in  the  gland  total  and  organic  P®‘  and  in  the  bath  organic  I'®‘  com¬ 
pared  with  the  gland  from  the  control  animals  (Table  1). 

DISCUSSION 

The  abov'e  finding  of  TSH  administration  producing  an  apparent  inhibi¬ 
tion  of  P®‘  accumulation  by  the  thyroid  may  explain  the  observation  of 
Stanley  and  Astwood  (1949)  that  a  “latent  period”  of  about  8  hours  had 
to  elapse  before  any  effect  of  TSH  administration  could  be  noticed  on 
iodide  accumulation  by  the  thyroid  in  human  subjects.  VanderLaan  and 
Greer  (1950)  observed  after  TSH  administration  to  rats  no  stimulation  at 
6  hours,  in  26  hours  a  two-fold  and  in  48  hours  a  three-fold  increase  in  the 
iodide-concentrating  power  of  the  thyroid. 

Botkin,  Eskelson,  Firschein  and  Jensen  (1954)  found  that  thyroxin 
administration  to  rats  produced  an  inhibition  of  both  the  in  vivo  and  in 
intro  uptake  and  conv^ersion  of  P®‘  by  the  thyroid  gland.  Botkin  and  Jensen 

*  The  radioactive  iodine,  P”,  used  in  this  investigation  was  supplied  by  the  Oak 
Ridge  National  Laboratory  on  allocation  from  the  Isotope  Division,  U.  S.  Atomic 
Energy  Commission. 

®  Incubation  of  1  /nc.  P**  in  Krebs  buffer  (1950)  for  four  hours  gave  a  value  for  organic 
P®*  of  694  Cpm. 


I 


August,  1955  EFFECT  OF  THYROTROPIN  ADMINISTRATION 


171 


(1952)  found  a  sharp  rise  in  serum  organic-radioiodine  within  two  hours 
after  TSH  administration  to  rats  which  had  received  radioiodide  24  hours 
before  sacrifice.  They  observed  a  maximum  organic-bound  in  the  blood 
after  about  8  hours  with  a  return  to  normal  at  24  hours.  One  may,  there¬ 
fore,  assume  that  the  decreased  rate  of  the  in  vitro  P®*  uptake,  conversion 
and  storage  by  the  isolated  thyroid  gland,  observed  3,  6  or  12  hours  after 
TSH  administration,  is  related  to  the  increased  blood  thyroid  hormone^ 
level  produced  by  the  exogenous  TSH.  The  primary  effect  of  TSH  appears 
to  be  one  of  release  of  thyroid  hormone. 

Halmi,  Spirtos,  Bogdanove  and  Lipner  (1953)  did  not  observe  a  depress¬ 
ing  effect  of  thyroxin  on  the  augmented  trapping  of  iodide  by  the  thyroid 
induced  by  TSH  administration.  It  was  found  by  us  that  no  measurable 
effect  on  thyroxin  upon  the  uptake  and  conversion  or  release  was  elicited 
when  the  gland  was  incubated  in  vitro  with  P®*  and  thyroxin  (see  Table  2). 

Table  2.  In  vitro  effect  of  thyroxin  on  in  vitro  thyroid  I“‘  uptake,  conversion 

AND  RELEASE* 

(Measurements  expressed  as  counts  per  minute  (Cpm)  in  thousands  +  Standard 
Error  of  the  mean.) 


No. 

of 

samples 

Gland 

Bath 

Total 

Cpm 

Organic 

Cpm 

Organic 

Cpm 

Gland  plus  thyroxin  and  I”* 

8 

18.91  +3.37 

4.00  +  1.98 

3.44+0.92 

Gland  plus  I*” 

7 

18. 52+5. .30 

3.95  +  1.37 

3.54+0.98 

I'”  ana  thyroxin 

4 

1.87+0.27 

*  Glands  from  Sprague-Dawlev  rats,  weighing  380  to  475  gms.,  were  incubated  in  2  ml.  of 
modified  Krebs  buffer  (1950)  with  1  mc.  of  1*’*  in  the  presence  (0.1  mg.)  and  absence  of  thy¬ 
roxin  for  four  hours.  In  the  control,  0.1  mg.  of  thyroxin  was  incubated  with  1  nc.  of  I”'  in 
2  ml.  of  buffer  for  four  hours. 


Simkin,  Starr  and  Hancock  (1953)  found  that  thyroxin  administration  to 
thyroidectomized  rats  resulted  in  a  prompt  and  significant  suppression  of 
serum  TSH.  Eskelson,  Firschein  and  Jensen  (1954)  have  shown  a  lowering 
in  the  level  of  organic-bound  I^®‘  in  the  blood  2^  hours  after  thyroxin 
administration  to  rats  injected  with  radioiodide  18  hours  before  sacrifice. 
This  response  to  thyroxin  administration  probably  indicates  a  decreased 
rate  of  hormone  release  from  the  thyroid.  It  is  well  known  that  removal 
of  the  pituitary  results  in  a  markedly  diminished  capacity  of  the  thyroid 
to  concentrate  iodide  and  that  this  function  of  the  thyroid  can  be  restored 
by  TSH  administration  (VanderLaan  and  Greer,  1950).  Therefore,  the 
action  of  the  elevated  thyroid  hormone  blood  level  in  inhibiting  the  uptake 
and  conversion  of  iodide  by  the  thyroid  is,  probably,  mediated  through  the 
pituitary  by  suppression  of  either  thyrotropin  formation  or  its  release. 

The  observations  reported  in  this  paper  support  the  thesis  that  there 
exists  a  relationship  between  the  rate  of  iodide  uptake,  conversion  and 

*  Thyroid  hormone  implies  thyroxin  and  triiodothyronine. 
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storage  by  the  thyroid  and  the  level  of  thyroid  hormone  in  the  blood, 
i.e.  there  is  a  decrease  in  the  iodide  accumulation  by  the  thyroid  under 
those  conditions  where  an  elevated  level  of  thyroid  hormone  in  the  blood 
is  encountered.  Furthermore,  there  exists  a  reciprocal  relationship  between 
the  blood  levels  of  thyroid  hormone  and  thyrotropin,  i.e.  a  decline  in  the 
blood  thyroid  hormone  serving  as  a  stimulus  for  TSH  secretion  and  con¬ 
versely  a  rise  in  blood  thyroid  hormone  inhibiting  the  secretion  of  TSH. 
Apparently,  the  blood  thyroid  hormone  level  acts  as  a  homeostatic  regu¬ 
lator  of  thyroid  function  by  regulating  the  TSH  release  from  the  pituitary 
and  the  rate  of  iodide  uptake  by  the  thyroid. 

SUMMARY 

It  was  found  that  three,  six  or  twelve  hours  after  TSH  administration 
to  rats  the  isolated  thyroid  gland  did  not  concentrate,  convert  and  store 
I'®*  in  vitro  to  the  same  degree  as  the  gland  from  animals  not  injected 
with  TSH.  At  twenty-four  hours  after  TSH  administration  the  thyroid 
seemed  to  have  regained  the  capacity  to  take  up,  conv^ert  and  store  to 
the  same  degree  as  the  gland  which  was  not  stimulated  by  TSH.  The  de¬ 
crease  in  the  ability  of  the  isolated  thyroid  gland,  three,  six  or  twelve 
hours  after  TSH  administration,  to  concentrate,  convert  and  store  F®^ 
in  vitro  is  interpreted  as  being  caused  by  an  increase  in  the  blood  thyroid 
hormone  level  produced  by  the  exogenous  TSH.  The  significance  of  this 
finding  is  discussed. 
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INFLAMMATORY  RESPONSES  DURING  PREGNANCY  IN 
THE  RAT,  AND  THE  EFFECTS  OF  SEX  HORMONES 
AND  PLACENTAL  EXTRACTS  ON 
INFLAMMATORY  POTENTIAL' 

JACOB  C.  STUCKP  and  ROLAND  K.  MEYER 

The  Department  of  Zoology,  University  of  Wisconsin,  Madison,  Wisconsin 

Meier  et  al.  (I950)  and  Shipley  and  Meyer  (1955)  demonstrated 
that  glucocorticoids  inhibit  the  formation  of  granulation  tissue  in 
and  around  subcutaneously  implanted  cotton  pellets.  Meyer,  Stuck!  and 
Aulsebrook  (1953)  demonstrated  that  in  the  rat  pregnancy  also  decreased 
granulation  tissue  formation  and  reduced  the  injurious  effects  of  formal¬ 
dehyde  on  the  knee  joint  synovialis.  These  results  were  interpreted  as 
indicative  of  an  increase  in  the  glucocorticoid  moiety  of  the  complex  of 
steroids  peculiar  to  pregnancy. 

Since  the  first  observations  of  Hench  et  al.  (1949)  that  cortisone  dupli¬ 
cated  the  effect  of  pregnancy  in  alle\dating  the  symptoms  of  rheumatoid 
arthritis  and  the  observations  that  glucocorticoid  levels  are  increased  in 
pregnancy  (Venning,  1946;  Gemzell,  1953)  various  organs  and  organ  sys¬ 
tems  have  been  suggested  as  the  source  of  the  pregnancy  glucocorticoids. 
There  can  be  little  doubt  that  the  adrenal  cortex  is  the  main  source  of  the 
anti-inflammatory  agents  produced  by  such  stressors  as  pyrogens,  starva¬ 
tion  and  surgical  trauma,  but  this  conclusion  is  not  entirely  warranted  in  a 
consideration  of  pregnancy.  Other  tissues,  not  present  in  the  nonpregnant 
animal,  may  be  important  sources  of  anti-inflammatory  substances.  In  the 
following  experiments  an  extra-adrenal  source  of  such  substances  is  demon¬ 
strated  in  the  pregnant  rat. 

MATERIALS  AND  METHODS 

Female  rats,  90  to  120  days  old,  were  used  in  this  investigation.  The  animals  were 
obtained  from  Sprague-Dawley,  Inc.,  and  maintained  on  Rockland  Rat  Diet.  No  animal 
was  used  until  it  had  been  acclimated  to  our  laboratory  for  a  period  of  at  least  two  weeks. 
EXPKRIMENT  I.  Males  were  placed  with  females  in  the  evening  and  vaginal  smears 
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were  taken  in  the  morning  to  detect  sperm.  The  day  on  which  sperm  were  found  was 
considered  as  day  0  postinsemination.  Cotton  pellets  weighing  4-5  mg.  were  bilaterally 
implanted  into  the  subcutaneous  tissues  in  the  pectoral  and  groin  regions  of  the  preg¬ 
nant  rats  on  day  16  postinsemination.  Each  rat  carried  four  pellets.  Nonpregnant  con¬ 
trol  rats  were  similarily  implanted.  The  pellets,  together  with  the  granulation  tissue 
formed  in  and  around  them  (granulomas)  were  removed  120  +  4  hours  later,  dissected 
free  from  the  surrounding  connective  tissue  and  weighed.  The  initial  maximum  weight 
of  the  cotton  pellet  (5  mg.)  was  subtracted  from  the  total  wet  weight  of  each  granuloma 
and  the  average  net  weight  of  all  the  granulomas  from  the  individual  rat  calculated. 
This  value  was  employed  in  obtaining  mean  net  granuloma  weight  and  standard  error 
of  the  mean  for  each  group. 

Forty-eight  hours  before  pellet  implantation  some  of  the  pregnant  and  nonpregnant 
animals  were  deprived  of  various  organs  or  combinations  of  organs.  Cesarotomj'  was 


Table  1.  Weights  of  granulomas  induced  by  subcutaneously  implanted  cotton 

PELLETS  IN  PREGNANT  AND  NONPREGNANT  RATS  AFTER  VARIOUS  TREAT.MENTS 


Group' 

Avg.  granuloma  wt. +S.E.M.’ 

Pregnant^ 

Xonpregnant^ 

1 

none 

mg. 

45.4  +  1.5(9)" 

mg. 

69.6+5.2(12)"t 

2 

adrenalectomy 

49.3±2.0(7) 

72.9±2.2(9)t 

3 

hypophysectomy;  sugar 

47.6+0.7(7) 

70.1  +4.4(8)t 

4 

adrenalectomy;  hypophysectomy;  sugar; 
saline 

43.4  +  1.4(8) 

55.4+2.6(8)t 

5 

adrenalectomy;  ovariectomy;  P  +  E 

43.9  +  1.0(7) 

62.4+3.5(8)t 

6 

hypophysectomy;  ovariectomy;  sugar;  P  +  E 

38.9  +  1 .6(8) 

63.6+4.0(8)t 

7 

hypophysectomy;  cesarotomy;  sugar 

48.6  +  1.9(7) 

71.1  ±4.2(8)t 

8 

adrenalectomy;  cesarotomy;  sugar;  saline 

50.9  +  1.7(11) 

57.3±2.1(12)* 

9 

none 

52.8  +  2.0(10) 

78.4±5.3(13)t 

10 

hypophysectomy;  hysterectomy;  ovariectomy; 
sugar 

67.2±2.5(5) 

69.3+3.7(6) 

*  Groups  1-8,  pellets  implated  in  pectoral  and  groin  regions;  4/rat.  Groups  9  &  10, 
pellets  implanted  in  dorsolateral  neck  region;  2/rat. 

*  P+E=4  mg.  progesterone  and  1  /ig.  estrone  administered  daily. 

’  Includes  fluid  absorbed  by  cotton  but  not  cotton  itself. 

*  Operations  performed  on  14th  day  postinsemination  in  pregnant  rats  and  after  rats  had 
been  in  laboratory  for  at  least  2  weeks  in  nonpregnant  groups.  Pellets  implanted  48  hour.s 
after  operations  and  granulomas  removed  120+4  hours  after  implantation. 

‘  No.  of  rats. 

*P  =  less  than  .05. 

t  P  =less  than  .01. 

accomplished  by  placing  a  purse  string  suture  on  the  antimesometrial  surface  of  the 
uterus  over  each  conceptus,  making  an  incision  through  the  uterine  wall  and  fetal  mem¬ 
branes  with  a  small  pointed  scissors  and  gently  squeezing  the  fetus  out.  The  suture  was 
tightened  before  the  umbilical  cord  was  broken.  The  placenta  remained  in  situ.  Non¬ 
pregnant  rats  used  as  controls  for  the  cesarotomized  groups  were  laparotomized  and 
sutures  were  placed  in  their  uteri  in  numbers  approximating  the  number  of  sutures 
required  for  fetal  removal  in  the  pregnant  animals.  All  uterine  suture  sites  were  sponged 
with  thromboplastin  to  reduce  bleeding.  Adrenalectomies,  hypophysectomies,  ovariec¬ 
tomies  and  hysterectomies  were  performed  in  the  usual  manner. 

Some  of  the  operated  groups  (Table  1)  received  powdered  corn  sugar  in  addition  to 
Rockland  Diet,  and/or  1%  saline  instead  of  tap  water.  The  other  groups  received 
Rockland  Diet  and  tap  water  only.  Ovariectomized  animals  with  intact  uteri  received 
4  mg.  of  progesterone  and  1  ng.  of  estrone  in  corn  oil  per  day,  subcutaneously.  These 
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amounts  of  progesterone  and  estrone  are  sufficient  to  maintain  pregnancy  in  the  ovariec- 
tomized  rat  (Lyons,  1943). 

EXPERIMENT  11.  Four  groups  of  intact  nonpregnant  rats  were  injected  with  oil, 
progesterone  in  oil  at  20  mg.,  estrone  in  oil  at  5  jug.  or  a  combination  of  these  amounts 
of  progesterone  and  estrone  subcutaneously  once  a  day  for  9  days.  On  the  fifth  day  cot¬ 
ton  pellets  were  implanted  as  described  in  Experiment  1.  Four  groups  of  adrenalecto- 
mized  rats  maintained  on  1%  NaCl  instead  of  tap  water  were  treated  in  the  same  man¬ 
ner.  Oil  or  compound  administration  was  started  on  the  day  of  adrenalectomy.  All  ani¬ 
mals  were  killed  and  autopsied  120  hours  after  implantation. 

EXPERIMENT  III.  Two  human  placentas  were  obtained  within  1  hour  after 
delivery.  One  placenta  w'as  frozen  with  solid  CO2  for  later  extraction  and  the  other 
extracted  immediately  according  to  a  modification  of  the  lipid  extraction  method  of 
Allen  (1930).  The  placentas  were  handled  separately,  one  for  each  of  the  two  experi¬ 
ments.  Each  p'acenta  w  as  cleared  of  blood  clots,  the  umbilical  cord  and  fetal  membranes, 
weighed,  ground  up  and  stirred  into  8  times  its  weight  of  95%  alcohol.  After  standing 
for  4  days  at  room  temperature  the  mixture  was  filtered  and  the  residue  reextracted  for 
4  more  days  with  half  the  original  quantity  of  fresh  alcohol.  The  filtrates  were  combined 
and  concentrated.  This  and  subsequent  concentrations  w'ere  made  at  45°  C.  under 
vacuum.  The  alcoholic  concentrate  was  extracted  several  times  with  petroleum  ether 
and  the  ether  extracts  combined  and  concentrated.  The  concentrated  ether  extracts 
were  treated  with  acetone  to  which  a  saturated  alcoholic  solution  of  MgCL  had  been 
added.  A  flocculent  precipitate  containing  the  phospholipids  was  formed  (Allen,  1930). 
The  precipitate,  after  it  had  been  redissolved  in  petroleum  ether  and  reformed  several 
times  by  the  addition  of  fresh  acetone,  was  discarded.  The  combined  acetone-ether 
mixtures  were  refrigerated  for  12  hours  at  4°  C.,  then  filtered  and  concentrated  to  drj"- 
ness.  In  Experiment  III-A  the  residue  was  taken  up  in  petroleum  ether  and  corn  oil, 
the  ether  was  removed  under  vacuum,  and  the  placental  material  injected  in  the  form 
of  the  oil  suspension.  In  Experiment  III-B  the  combined  acetone-ether  mixtures  were 
concentrated  to  about  100  ml.  and  the  concentrate,  whose  solvent  phase  consisted 
chiefly  of  water,  was  extracted  several  times  with  petroleum  ether.  The  ether  extract 
was  mixed  with  corn  oil  and  concentrated  under  vacuum.  The  placental  material  was 
administered  as  an  oil  suspension. 

In  Experiment  III-A  rats  were  adrenalectomized  and  immediately  thereafter,  sub¬ 
cutaneous  injections  of  either  placental  extract  or  oil  were  begun.  The  injections  were 
made  twice  daily  until  the  rats  were  killed  for  autopsy.  Each  experimental  animal  re¬ 
ceived  a  total  of  50  gm.  equivalent  of  fresh  placenta.  Forty-eight  hours  after  adrenalec¬ 
tomy,  cotton  pellets  were  implanted  as  in  the  previous  experiments  and  120  hours  after 
implantation  the  animals  were  killed  and  autopsied. 

On  the  day  before  autopsy  the  left  knee  joint  synovialis  of  each  rat  was  injured  by 
the  intra-joint  administration  of  0.004  ml.  of  a  1.0%  solution  of  formaldehyde.  Twentj'- 
four  hours  after  formaldehj'de  injury  a  small  amount  of  sodium  p-amino  hippurate  was 
injected  into  the  injured  knee  joint  and  the  30  minute  urinary  clearance  of  the  dj  e  was 
determined  (Meyer  et  al.,  1953;  Aulsebrook  and  Meyer,  1955). 

In  Experiment  III-B  rats  were  bilaterally  adrenalectomized  and  48  hours  after  the 
operation  each  rat  was  injected  subcutaneously  either  with  oil  or  with  25  gm.  equivalent 
of  placenta.  Twenty-four  hours  after  this  injection,  the  left  knee  joint  S3'novialis  of  each 
rat  was  injured  bj"^  the  intra-joint  administration  of  formaldehyde.  Each  animal  received 
a  second  injection  of  oil  or  25  gm.  equivalent  of  placenta  6  hours  after  formaldehj-de 
injurj'.  The  permeability  of  the  injured  knee  joint  s^movialis  to  sodium  p-amino  hip¬ 
purate  was  determined  24  hours  after  the  formaldehj'de  injurj'  using  the  method  em- 
ploj'ed  in  Experiment  III-A. 
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RESULTS 

EXPERIMENT  I.  Results  are  expressed  in  terms  of  wet  granuloma 
weight  (Table  1).  As  demonstrated  in  Table  2,  dry  weight  difference 
between  granulomas  produced  in  intact  pregnant  and  nonpregnant  animals 
are  even  greater  than  wet  weight  differences.  These  results  demonstrate  that 
wet  weight  differences  represent  real  differences  in  the  quantity  of  granula¬ 
tion  tissue  formed  and  do  not  simply  represent  differepces  in  the  quantities 
of  fluid  absorbed  by  the  cotton. 

Experimental  results  in  Table  1  show  that  intact  pregnant  animals 
(Group  1)  produced  granulomas  whose  w'et  weights  were  significantly 
low'er  than  those  produced  by  intact  nonpregnant  animals.  The  removal  of 
the  following  organs  or  combinations  of  organs  did  not  alter  the  pregnant- 
nonpregnant  differences  in  granuloma  weight:  adrenals;  pituitary;  adrenals 


Table  2.  Wet  and  dry  weights  of  granulomas  induced  by  cotton  pellets 

IMPLANTED  INTO  SUBCUTANEOUS  TISSUES  OK  INTACT  PREGNANT  AND 
NONPREGNANT  RATS' 


Pregnant* 

Nonpregnant* 

Difference 
from  non¬ 
pregnant 

mg. 

mg. 

% 

Avg.  net  granuloma 

wt. — wet^ 

44.4  +  ]  .6 

61 .9+3.7 

28 1 

Avg.  net  granuloma 

wt.— dry® 

3. 6+0. 4 

8. 0+0. 9 

55 1 

*  Nine  rats  in  each  group. 

®  Pellets  implanted  in  pectoral  and  groin  regions,  4/rat,  on  the  16th  day  postinsemination. 
Granulomas  removed  120  +  4  hours  after  implantation. 

’  Pellets  implanted  in  pectoral  and  groin  regions,  4 /rat,  after  rat  had  been  in  laboratory 
at  least  2  weeks.  Granulomas  removed  120  +  4  hours  after  implantation. 

Includes  fluid  absorbed  by  cotton,  but  not  cotton  itself. 

®  Equals  wt.  of  oven  dried  granulomas  minus  wt.  of  cotton, 
t  P  =  less  than  .01. 


and  pituitary;  adrenals  and  ovaries;  pituitary  and  ovaries;  pituitary  and 
fetuses;  and  adrenals  and  fetuses®  (Groups  2-8). 

Complete  hysterectomy  and  concomitant  hypophysectomy  and  ovariec¬ 
tomy  resulted  in  the  formation  of  granulomas  of  approximately  equal 
weight  in  pregnant  and  nonpregnant  animals  (Group  10).  These  granu¬ 
lomas  also  weighed  approximately  the  same  as  those  produced  by  intact 
nonpregnant  animals  (Group  9).  The  granulomas  were  induced  in  the 
dorsolateral  neck  region  in  Group  10  because  the  length  of  the  incision 
required  for  total  hysterectomy  made  groin  implantation  difficult.  As 
demonstrated  in  Group  9,  the  site  of  implantation  does  not  alter  the 


*  Some  of  the  pregnant  and  noninegnant  animals  in  this  group  were  partially  hyster¬ 
ectomized  to  reduce  the  number  of  placental  suture  sites  and  consequent  bleeding.  Non¬ 
pregnant  and  pregnant  groups  contained  approximately  equal  numbers  of  partiallj’ 
hysterectomized  animals. 
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Table  3.  Average  adrenal  weights,  placental  weights  and  placental  numbers  in 

INTACT  PREGNANT  RATS,  INTACT  NONPREGNANT  RATS,  HYPOPHYSECTOMIZED  CESAROT- 
OMIZED  PREGNANT  RATS  AND  ADRENALECTOMIZED  CESAROTOMIZED  PREGNANT  RATS‘ 


Avg. 

Avg. 

Avg.  no.  of 

Animal  type 

adrenal 

placental 

placentas 

wt.  iS.E.M. 

wt.  +S.E.M. 

iS.E.M. 

Intact  pregnant  rats  (9)* 

mg. 

mg. 

74.3±2.7 

708  +  55 

11.8+0.7 

Intact  nonpregnant  rats  (9) 

Hypophysectomized  cesarotomized  pregnant 

75.3±3.4 

— 

— 

rats  (7) 

Adrenalectomized  cesarotomized  pregnant  rats’ 

44.7  +  1.9 

221  ±22 

9.6  +  1  .0 

(11) 

— 

287+22 

6. 7+0. 5 

'  Extirpation  operations  performed  on  day  14  postinsemination.  All  pregnant  animals 
autopsied  on  day  21  postinsemination. 

’  No.  of  animals. 

®  Some  of  these  animals  were  also  partially  hysterectomized. 


pregnant-nonpregnant  granuloma  weight  differences  in  intact  animals. 
This  was  also  demonstrated  by  Meyer  et  al.  (1953). 

The  adrenals  of  intact  pregnant  and  intact  nonpregnant  rats  weighed 
essentially  the  same  (Table  3).  The  adrenals  of  hypophysectomized 
cesarotomized  pregnant  rats  weighed  much  less  than  the  adrenals  of  the 
intact  groups.  While  the  cesarotomized  hypophysectomized  pregnant 
animals  were  found  to  contain  essentially  the  same  number  of  placentas  as 
were  found  in  the  intact  pregnant  animals,  the  average  placental  weight 
was  much  less.  Both  number  and  average  weight  of  the  placentas  found  in 
the  adrenalectomized  cesarotomized  pregnant  rats  were  less  than  in  intact 
pregnant  animals.  This  reduction  in  numbers  was  a  result  of  the  inclusion 
of  values  from  adrenalectomized  cesarotomized  pregnant  animals  which 
had  also  been  partially  hysterectomized.® 

EXPERIMENT  II.  The  administration  of  large  doses  of  progesterone, 
estrone  or  a  combination  of  progesterone  and  estrone  did  not  inhibit  the 
formation  of  granuloma  tissue  in  either  intact  or  adrenalectomized  rats 
(Table  4).  Progesterone  appeared  to  enhance  granuloma  formation  slightly 
in  intact  animals. 


Table  4.  Effects  of  progesterone,  e.stro.ne  and  a  co.mbination  of  progesterone 

AND  E.STRONE  ON  THE  WEIGHTS  OF  GRANl’LOMAS  FORMED  IN  AND  AROUND  COTTON 
PELLETS  SUBCUTANEOUSLY  IMPLANTED  IN  THE  PECTORAL  AND  GROIN  REGIONS 
OF  INTACT  OR  ADRENALECTOMIZED  R.YTS 


.\vg.  granuloma  weight +S.E.M.’ 

Drug 

Dose 

Intact  rats 

Adrenalectomized 

rats 

Oil 

0.2  cc. /day 

77.0  +  4.2(8)’ 

86.9+5.2(8) 

Progesterone 

20  mg. /day 

89.9+3.4(8)* 

84.9+6.5(7) 

Estrone 

5  Mg. /day 

76.4+5.2(8) 

86.3+4.5(7) 

Progesterone  and  Estrone 

20  mg.  +5  Mg.  /day 

71 .5+3. 6(8) 

77.4+3.2(7) 

*  Includes  fluid  absorbed  by  cotton  but  not  cotton  itself. 

*  No.  of  rats. 

*  P  =  <.05  in  comparing  to  oil  controls. 
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Table  5.  The  effect  of  human  placental  extracts  on  the  weights  of  granulomas 

FORMED  AROUND  SUBCUTANEOUSLY  IMPLANTED  COTTON  PELLETS,  AND  ON  THE  KNEE 
JOINT  CLEARANCE  OF  p-AMINO  HIPPURATE  (PAH)  AFTER  FORMALDEHYDE  INJURY 
IN  ADRENALECTOMIZED  RATS 


Experiment 

Avg.  net  granuloma  wt. 
±S.E.M. 

PAH  clearance 
±S.E.M. 

Wet* 

Dry* 

mg. 

mg-  . 

% 

A. 

oil  controls  (5)’ 

57.6+3.8 

7. 0+0. 6 

27.0  +  1.3 

extract  treated  (4) 

43.5  +  1.2 

4.0±0.3 

30.4+2.8 

%  change 

24.4% 

42.9% 

— 

P 

<  .02 

<.01 

>  .1 

B. 

oil  controls  (6) 

_ 

_ 

24.3±1.3 

extract  treated  (6) 

— 

— 

35.2  +  1.5 

P 

— 

— 

<.01 

*  Includes  fluid  absorbed  by  cotton  but  not  cotton  itself. 

*  Does  not  include  cotton. 

*  No.  of  rats. 


EXPERIMENT  III.  Subchronic  placental  extract  administration 
(Table  5,  A)  resulted  in  a  reduction  in  both  wet  and  dry  w'eights  of  granu¬ 
lomas  formed,  but  it  did  not  result  in  a  significant  change  in  the  quantity 
of  p-amino  hippurate  cleared  from  the  formaldehyde  injured  joints.  On  the 
other  hand,  acute  administration  of  placental  extract  (Table  5,  B)  in¬ 
creased  the  quantity  of  hippurate  cleared  after  joint  injury. 

DISCUSSION 

The  results  of  the  present  investigation  confirm  those  reported  by 
Meyer  et  al.  (1953)  and  demonstrate  an  extra-adrenal  source  of  the  anti¬ 
inflammatory  substances  produced  during  pregnancy,  substantiating  the 
suggestions  of  Samuels  et  al.  (1943),  Knowlton  et  al.  (1949)  and  Jailer  and 
Knowlton  (1950)  who  observed  simulated  adrenocortical  activity  in 
pregnant  women  with  Addison’s  disease.  Extirpation  experiments  (sum¬ 
marized  in  Fig.  1)  demonstrate  the  necessity  of  the  placenta  and/or  the 
uterus  for  the  inhibition  of  granuloma  growth  during  pregnancy,  suggesting 
the  production  of  pregnancy  anti-inflammatory  substances  by  one  or  both 
of  these  organs.  Although  Baker  (1948)  postulates  the  participation  of  the 
myometrial  glands  in  steroid  metabolism,  the  demonstration  of  anti¬ 
inflammatory  activity  in  placental  extracts  is  evidence  in  support  of 
placental  production  and  confirms  the  observations  of  Johnson  and  Haines 
(1952)  who  found  glucocorticoid-like  substances  in  placental  tissue. 
Although  the  smaller  granuloma  w’eight  difference  (11%)  between  adrenal- 
ectomized  cesarotomized  pregnant  rats  and  the  control  animals  is  in  large 
part  due  to  low  control  values,  the  reduced  amount  of  placental  tissue®  may 
be  responsible  for  the  slightly  higher  experimental  granuloma  w'eights. 

The  results  of  this  study  do  not  preclude  ovarian  (Nissim,  1952)  and 
maternal  and  fetal  adrenal  (Gemzell,  1953)  production  of  anti-inflamma- 
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tory  substances  in  pregnancy.  The  demonstration  that  adrenals  from 
intact  nonpregnant  and  pregnant  rats  weigh  the  same  confirms  results  of 
others  (Parkes,  1945)  and  supports  the  contention  that  extra-adrenal 
sources  of  anti-inflammatory  agents  both  exist  and  are  important  in 
pregnancy.  Adrenal  atrophy  in  hypophysectomized  pregnant  animals  with 
fetuses  removed  is  in  agreement  with  the  findings  of  Campbell  et  al.  (1953) 
and  suggests  that  stimulation  of  the  maternal  adrenal  by  placental  corti- 
cotrophin  (Opsahl  and  Long,  1951;  Sulman  and  Bergman,  1953)  is  not 
pronounced. 

The  results  of  experiments  with  progesterone  and  estrone  alone  and  in 
combination  demonstrate  that  they  are  not  anti-inflammatory  agents  in 


Fig.  1.  Schematic  summary  of  experiments  demonstrating  ability  of  pregnant  rats 
to  inhibit  granuloma  formation  after  extirpation  of  various  organs.  Dark  areas  represent 
absence  of  organs.  P+E  represents  the  administration  of  estrogen  and  progesterone. 


doses  5  times  those  required  for  the  maintenance  of  pregnancy  in  ovariec- 
tomized  rats.  These  experiments  do  not,  however,  eliminate  the  possibil¬ 
ities  1}  that  progesterone  and/or  estrogens  stimulate  anti-inflammatory 
substance-producing  organs  in  the  pregnant  animal;  2)  that  progesterone 
and/or  estrogens  may  be  metabolized  in  the  pregnant  animal  into  active 
anti-inflammatory  substances;  3)  that  these  hormones  are  an  essential 
part  of  a  complex  of  substances  which  by  virtue  of  activity  as  a  complex 
is  anti-inflammatory. 


SUMMARY 

The  weight  of  the  granulomas  induced  by  subcutaneously  implanted 
cotton  pellets  was  much  less  in  pregnant  than  in  nonpregnant  rats.  The 
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removal  of  the  following  organs  or  combinations  of  organs  did  not  alter 
the  pregnant-nonpregnant  differences:  adrenals;  pituitary;  adrenals  and 
pituitary;  adrenals  and  ovaries;  pituitary  and  ovaries;  pituitary  and 
fetuses;  adrenals  and  fetuses.  After  concomitant  extirpation  of  pituitary, 
ovaries  and  gra\’id  uterus  the  pregnant  animals  produced  granulomas  as 
heavy  as  those  produced  by  intact  or  similarly  operated  nonpregnant  rats. 

The  adrenals  of  intact  pregnant  rats  were  no  heavier  than  those  of  intact 
nonpregnant  rats.  Pregnant  animals  deprived  of  pituitary  and  fetuses  had 
atrophic  adrenals.  The  placentas  of  pregnant  animals  deprived  of  their 
fetuses  and  their  pituitaries  or  adrenals  were  smaller  than  those  of  intact 
pregnant  rats. 

Progesterone  and  estrone  did  not  inhibit  granuloma  growth  in  intact  or 
adrenalectomized  rats.  Human  placental  extracts  inhibited  granuloma 
growth  in  adrenalectomized  rats  when  administered  subchronically  and 
protected  the  knee  joint  against  formaldehyde  injury  when  administered 
acutely. 

These  results  substantiate  the  suggestion  that  the  placenta  is  an  extra¬ 
adrenal  source  of  the  anti-inflammatory  substances  produced  by  the 
pregnant  rat. 
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RENAL  CLEARANCE  OF  IN  HYPOTHYROID 
AND  EUTHYROID  RATS 

JEROME  L.  GILBERT  and  GERTRUDE  LANGE 

Department  of  Physiology  and  Pharmacology,  State  University  of  New 
York,  College  of  Medicine  at  New  York  City, 
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There  have  been  numerous  studies  of  variations  in  thyroidal  uptake 
of  radioactive  iodine  under  varying  biological  conditions  as  a  result  of 
which  it  has  been  suggested  that  changes  in  renal  clearance  may  also  take 
place  and  affect  the  results.  Thus  Money  et  al.  (1951)  noted  that  ACTH, 
cortisone,  Compound  A,  and  DOC,  decreased  thyroid  collection  while 
testosterone,  estrone,  and  progesterone  increased  collection  of  radioiodine. 
He  admitted  that  the  results  possibly  could  be  explained  on  the  basis  of 
steroid  effects  on  water  and  salt  metabolism  and  thus  renal  excretion  of 
iodide. 

Randall  and  Albert  (1951)  in  discussing  the  profound  drop  in  thyroid 
uptake  following  hypophysectomy  stated  that  part  of  the  decrease  may  be 
due  to  factors  other  than  the  direct  effect  of  hypophysectomy  on  the 
thyroid  since  the  procedure  might  have  affected  renal  function  and  hemo¬ 
dynamic  conditions.  Albert,  Tenney  and  Lorenz  (1952)  found  that  renal 
clearance  is  markedly  depressed  after  hypophysectomy  but  that  neither 
thyroidectomy  nor  adrenalectomy  had  any  significant  effect  on  this  func¬ 
tion. 

Ingbar  (1953)  in  experiments  lasting  a  total  of  8  hours,  reported  that 
cortisone  in  hypophysectomized  rats  caused  a  threefold  increase  in  renal 
removal  of  iodide  but  no  actual  change  in  the  clearance  by  the  thyroid  of 
iodide  from  the  plasma.  In  his  re\dew  article,  Riggs  (1952)  stated  that 
renal  clearance  in  man  is  not  changed  in  hyperthyroidism  but  is  decreased 
in  hypothyroid  states. 

The  present  study  was  undertaken  in  an  effort  to  ascertain  any  possible 
difference  in  the  renal  clearance  of  radioiodide  in  hypothyroid  and  euthy¬ 
roid  rats. 

PROCEDURES 

Male  rats  (Wistar  strain)  maintained  on  a  regular  laboratory  diet  were  used.  All 
animals  were  thyroidectomized  and  tested  between  two  and  a  half  to  three  weeks  fol¬ 
lowing  surgery.  Half  of  the  animals  were  placed  on  daily  parenteral  5  /xg.  doses  of 
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L-thyroxine  immediately  after  surgery.  The  pulse  rates  of  the  two  groups  were  compared 
by  electrocardiographic  determination  to  evaluate  the  adequacy  of  the  above  procedures 
in  producing  a  condition  of  hypothyroidism  or  euthyroidism  (Eartly  and  Leblond,  1954). 
The  rats  receiving  th3’roxine  maintained  rates  approximately  equal  to  normal  presurgi- 
cal  values  while  in  the  untreated  group  heart  rates  were  slower  by  50  to  100  beats  per 
minute.  For  the  determination  of  renal  clearance,  10  /xc.  of  were  injected  intra- 
peritoneallj’.  Preliminary  studies  revealed  that  the  blood  level  reached  a  maximum  in 
one  half  hour  after  such  an  injection;  thus  at  that  time  approximately  1  ml.  of  blood  was 
withdrawn  b^*  cardiac  puncture  under  ether  anesthesia,  the  rats  then  being  placed  in 
urine  collecting  jars.  Twenty-four  hours  later,  a  second  blood  sample  was  withdrawn 
and  the  urine  collected.  Samples  of  serum  and  urine  were  placed  in  planchets  and  their 
activity  counted  by  a  Geiger-Muller  tube  and  scaler.  The  renal  clearance  was  calculated 
after  the  manner  described  bj’  Albert  et  al.  (1952)  which  is  as  follows: 

UV/B  =  Renal  Clearance  where  UV  is  the  urinary  counts  per  minute  and  B  is  the 
mean  blood  concentration.  The  mean  blood  concentration  is  given  by: 

(A-B)X0.434 
log  A— log  B 

A  being  the  number  of  counts  per  cubic  centimeters  of  the  first  sample  and  B  that  of 
the  second  sample  of  blood. 

RESULTS 

The  mean  value  for  the  renal  clearance  of  the  euthyroid  rats,  as  shown 
in  Table  1,  was  73  compared  to  44  (cc.XlO®  per  min.)  for  the  hypothyroid 


Table  1.  Renal  clearance  of  1”‘  (cc.  XIO’  per  min.)  in  hypothyroid 

AND  EUTHYROID  RATS 


Condition 

No. 

animals 

Mean 

Stand. 

dev. 

Stand,  error 
of  mean 

HypothjToid 

33 

44 

15.7 

2.73 

Euthyroid 

34 

73 

23.8 

4.08 

t=5.9  p=<.01 


animals.  This  difference  is  a  significant  one  since  the  “t”  value  is  equal  to 
5.9  and  the  p  less  than  0.01.  Though  not  being  reported  in  detail  here,  we 
also  conducted  a  similar  experiment  with  a  like  number  of  animals  com¬ 
paring  the  renal  clearance  in  rats  which  had  been  thyroidectomized  only 
1-3  days  previously  with  those  that  had  been  similarly  operated  on  two  to 
three  weeks  before  testing,  and  found  no  significant  difference  between 
these  two  groups.  Both  gave  clearance  values  close  to  that  of  the  hypo¬ 
thyroid  rats  reported  in  Table  1. 

DISCUSSION 

The  influence  of  renal  clearance  of  radioiodide  on  the  blood  plasma  level 
should  be  considered  in  any  studies  concerned  with  thyroid  uptake  and 
activity.  It  is  realized  that  hormones,  environmental  circumstances,  etc. 
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might  affect  renal  clearance  by  direct  action  on  the  kidney  or  indirectly 
through  action  on  the  thyroid.  The  results  reported  herein  indicate  that 
hypothyroidism  produces  in  rats  a  depression  of  renal  clearance  of  radio¬ 
iodide,  and  that  this  effect,  whether  hemodynamic  or  metabolic  in  origin, 
is  a  very  rapid  one  following  thyroidectomy.  This  is  consistent  with  the 
observations  of  other  effects  following  thyroidectomy  reported  by  Eartly 
and  Leblond  (1954).  In  some  cases,  such  as  after  hypophysectomy,  the 
factor  of  reduced  renal  clearance  serves  to  make  even  more  significant  the 
observed  decrease  in  thyroid  uptake  since  the  rat  has  a  higher  blood  level 
for  a  longer  period  of  time  than  one  whose  renal  clearance  is  not  depressed. 
Since  the  thyroid  is  probably  not  the  only  endocrine  gland  that  may 
affect  renal  clearance  of  radioiodide  in  such  a  way  as  to  have  significance  in 
the  interpretation  of  experiments  on  thyroid  uptake,  more  studies  are 
required  to  separate  the  effect  of  these  other  hormones  on  the  two  proc¬ 
esses. 


SUMMARY 

A  thryoidectomized  rat  demonstrates  a  depression  of  renal  clearance  of 
of  forty  per  cent  when  compared  to  the  euthyroid  rat  maintained  on 
exogenous  u-thyroxine.  This  reduction  indicates  that  changes  in  renal 
clearance  of  radioiodide  are  an  important  consideration  in  the  study  of 
thyroid  function  under  varying  biological  conditions. 

REFERENCES 

Albert,  A.,  A.  Tenney  and  N.  Lorenz;  Endocrinology  50:  327.  1952. 

Eartly,  H.  and  C.  P.  Leblond:  Endocrinology  54:  249.  1954. 

Ingbar,  S.  H.:  Endocrinology  53:  171.  1953. 

Money,  W.  L.,  L  Kraintz,  J.  Eager,  L.  Kirschner  and  R.  Rawson:  Endocrinology 
48:682.  1951. 

Randall,  R.  V.  and  A.  Albert:  Endocrinology  48:  327.  1951. 

Rigg.s,  D.  S.:  Pharmacol.  Rev.  4:  284.  1952. 

A  cknowledgment 

Dr.  Jack  Gross  kindly  provided  the  L-thyroxine  used  in  these  preliminary  experiments 
and  discussed  this  general  project  with  us. 


CORTICOSTEROID  SECRETION  IN  THE  ADRENAL 
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INTRODUCTION 

METHODS  which  have  been  used  for  the  assay  of  ACTH  have  been 
unsatisfactory  due  to  the  rather  large  quantities  of  the  hormone 
required,  poor  precision,  or  dependence  upon  non-specific  end  points.  The 
method  which  is  probably  most  widely  used  at  the  present  time  is  that 
described  by  Sayers,  Sayers,  and  Woodbury  (1948).  This  procedure  which 
is  dependent  upon  the  depletion  of  ascorbic  acid  in  the  hypophysectomized 
rat  appears  to  have  relatively  high  specificity  and  requires  only  very  small 
quantities  of  ACTH.  The  mechanism  of  ascorbic  acid  depletion  is  not  well 
understood,  however,  and  its  exact  relation  to  corticosteroid  secretion  is 
unknown.  It  has  been  reported  that  ascorbic  acid  depleting  factor  and 
also  an  adrenal  weight  factor  may  be  separated  from  various  ACTH 
preparations  (Stack-Dunne  1953).  The  suggestion  has  also  been  made  that 
ascorbic  acid  depleting  factor  is  not  always  directly  related  to  steroid  pro¬ 
duction  (Liddle  et  al.,  1954).  The  relationship  between  these  various 
factors,  and  actual  release  of  corticosteroids,  thus  remains  somewhat  in 
doubt.  An  assay  using  urinary  excretion  of  corticosteroids  following  ACTH 
administration  to  guinea  pigs  has  been  described  (Liddle  et  ah,  1953). 
These  animals  were  not  hypophysectomized  however,  and  several  milli¬ 
grams  of  ACTH  are  required  for  an  assay.  It  seemed  worthwhile,  therefore, 
to  develop  an  assay  which  measured  corticosteroid  release  from  the  adrenal 
gland  into  the  adrenal  venous  blood  of  a  hypophysectomized  animal.  Such 
a  procedure  would  give  a  direct  measure  of  corticosteroids  secreted  in 
response  to  a  given  dose  of  ACTH. 

METHODS 

The  animals  used  for  this  assay  were  mongrel,  male  dogs  weighing  between  12  and 
20  kg.  These  animals  were  anesthetized  with  30  mg.  per  kg.  nembutal  and  immediately 
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hypophysectomized  by  the  trans-buccal  approach.  Small  polyethylene  catheters  were 
placed  in  each  of  the  animal’s  femoral  veins.  A  small  polyvinyl  catheter  was  then  placed 
in  the  right  lumbo-adrenal  vein  using  the  procedure  which  has  been  described  by  Hume 
and  Nelson  (1954,  1955).  In  this  procedure,  a  polyethylene  constrictor  is  placed  around 
the  lumbo-adrenal  vein  between  the  adrenal  gland  and  the  inferior  vena  cava  in  such  a 
way  that  it  can  be  tightened  or  loosened  from  the  outside.  All  branches  of  the  lumbo- 
adrenal  vein  are  ligated  and  the  polyvinyl  catheter  is  tied  securely  into  the  vein  and  led 
to  the  outside  through  a  stab  wound  in  the  abdominal  wall.  The  animal  was  then  closed 
and  collection  of  samples  was  started. 

The  blood  samples  were  collected  in  100  ml.  graduated  tubes  containing  5  mg.  of 
heparin.  A  control  sample  was  collected  by  tightening  the  choker  so  that  only  blood  com¬ 
ing  from  the  adrenal  gland  could  flow  back  through  the  catheter.  The  end  of  the  catheter 
was  placed  in  a  collection  tube  and  the  flow  from  the  gland  was  collected  for  exactly 
ten  minutes.  The  choker  was  then  released,  a  small  quantity  of  4%  heparin  in  saline 
was  flushed  back  through  the  cannula  to  clear  it  of  any  blood,  and  a  small  plug  was 
placed  in  the  end.  Thus,  during  the  period  of  time  that  blood  was  not  being  collected, 
the  adrenal  venous  effluent  flowed  directly  into  the  inferior  vena  cava.  The  standard 
solutions  were  made  in  a  concentration  of  one  milliunit  per  milliliter  of  saline.  One 
to  ten  milliunit  doses  of  standard  were  administered  to  the  animals.  The  standard 
ACTH  solution  was  given  intravenously  over  a  30  second  period  through  the  poly¬ 
ethylene  catheter  in  the  left  femoral  vein.  Five  to  ten  milliliters  of  saline  was  washed 
through  the  cannula  after  the  hormone  to  insure  that  all  of  the  ACTH  was  carried 
into  the  dog’s  circulation.  Exactly  3  minutes  after  the  ACTH  solution  had  been  given, 
collection  of  adrenal  venous  blood  was  begun.  The  j)lug  was  removed  from  the  catheter 
and  the  choker  tightened  a  few  seconds  before  the  actual  collection  of  blood  was  initiated 
so  that  a  small  amount  of  adrenal  venous  blood  could  flow  through  the  catheter  and  be 
discarded.  At  the  end  of  the  ten  minute  collection,  the  choker  was  released,  the  cannula 
again  flushed  back  with  the  heparin  saline  solution  and  the  plug  reinserted  in  its  end. 
Using  the  ACTH  dosage  herein  described,  another  dose  of  standard  or  unknown  ACTH 
was  given  each  30  min.  and  thus  two  assay  collections  were  made  each  hour.  No  attempt 
was  made  to  collect  more  than  16  samples  from  a  single  assay  dog  nor  to  use  the  animal 
on  a  second  day. 

Due  to  the  tendency  for  some  of  the  hypophysectomized  dogs  to  develop  hypo¬ 
thermia,  some  simple  measures  for  maintaining  body  temperature  were  employed.  The 
dog  was  placed  on  a  cloth  rather  than  a  cold  metal  operating  table  and  a  heat  lamp  was 
directed  on  his  body.  Rectal  temperature  was  checked  periodically  and  additional  heat 
provided  if  the  body  temperature  decreased. 

Approximately,  400  ml.  of  blood  were  drawn  from  another  dog  to  replace  the  blood 
loss  brought  about  in  the  assay  animal  by  the  collection  of  the  adrenal  venous  blood 
samples.  Thus,  after  50  to  100  ml.  of  blood  had  been  taken  from  the  assay  animal,  a 
transfusion  of  a  similar  quantity  of  blood  was  given  through  the  right  femoral  catheter. 
If  the  blood  was  collected  from  a  dog  under  nembutal  anesthesia,  three  hours  or  more 
preceding  the  experiment,  there  was  little  if  any  ACTH  activity  remaining  in  it.  Such 
transfusions  were  given  at  the  end  of  a  period  of  collection,  however,  so  that  any  slight 
adrenocorticotrophic  activity  remaining  would  be  dissipated  before  the  collection  of  the 
next  sample  20  min.  later. 

Immediately  after  completion  of  collection  of  a  blood  sample  the  tube  was  inverted 
to  insure  good  mixing  with  the  heparin  and  placed  in  a  refrigerator  at  4°  C. 

The  steroid  analyses  were  usually  carried  out  the  next  day.  The  blood  sample  was 
diluted  with  approximately  an  equal  quantity  of  distilled  water  to  a  volume  of  50  or 
75  ml.  and  a  5  ml.  aliquot  taken  for  the  analysis.  The  steroid  determinations  were  carried 
out  by  a  procedure  which  is  essentiallj"  that  described  by  Nelson  and  Samuels  (1952). 
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The  method  was  modified  somewhat,  however,  to  enable  a  single  technician  to  run  more 
samples  in  one  working  day.  The  5  ml.  aliquot  of  hemolyzed  blood  was  extracted  3 
times  with  10  ml.  of  freshly  distilled  chloroform.  This  was  done  by  shaking  the  sample 
in  a  50  ml.  glass  stoppered  centrifuge  tube,  centrifuging  at  2000  revolutions  per  min.  for 
approximately  3  min.,  and  taking  off  the  chloroform  fraction  with  a  serum  lifter.  The 
30  ml.  of  chloroform  from  the  extraction  was  then  poured  directly  on  to  a  Florisil  column 
and  followed  by  an  additional  25  ml.  of  chloroform.  The  chloroform  fraction  was  dis¬ 
carded,  but  this  was  followed  by  45  ml.  of  25%  methanol  in  chloroform  which  was  col¬ 
lected  as  previously  described  in  a  50  ml.  round  bottom  flask 'with  a  small  well  in  the 
bottom.  This  fraction  contained  most  of  the  corticosteroid  which  had  been  extracted.  It 
was  taken  to  dryness  in  a  40°  water  bath  with  a  stream  of  air.  The  residue  was  carefully 
washed  down  into  the  well  of  the  flask  with  chloroform  and  dissolved  in  0.25  ml.  of 
methanol,  and  0.2  ml.  was  transferred  to  a  15X125  mm.  test  tube.  A  0.3  ml.  quantity  of 
the  phenylh3'drazine-sulphuric  acid  solution  reagent  was  added  to  this  methanol  solu¬ 
tion.  The  tubes  were  shaken  and  placed  in  the  water  bath  at  60°  for  one  hour.  The 
quantity  of  corticosteroid  was  then  determined  as  previously  described  by  reading  in 
micro  cells  in  the  Beckmann  Model  DU  spectrophotometer.  Six  and  twelve  microgram 
standards  of  cortisone  or  hydrocortisone  and  a  solvent  blank  were  run  through  the 
Florisil  columns  with  the  unknown  samples  and  used  for  calculation  of  quantity  of 
steroid  present.  Using  this  shortened  procedure,  it  was  usually  necessary  to  centrifuge 
the  samples  after  the  incubation  before  reading  on  the  spectrophotometer  was  carried 
out.  Care  was  taken  that  the  Florisil  was  well  dried  and  activated.  This  was  usuallj' 
assured  by  leaving  the  Florisil  in  a  drjdng  oven  at  approximately  150°  Centigrade  over¬ 
night  before  use.  The  Florisil  was  then  taken  directly  from  the  oven  and  the  columns 
prepared  just  before  the  chromotography  was  to  be  carried  out.  Calculation  of  results 
was  by  the  procedure  described  by  Nelson  and  Samuels  (1952). 

Statistical  analysis  of  the  data  for  assaj’  purposes  followed  the  outline  of  Woodbury 
(Saj'ers,  Sayers,  and  Woodbury  1948). 


RESULTS 

Figure  1  presents  the  results  found  when  ACTH  in  doses  of  1,  2  and  5 
milliunits  was  administered  intravenously  to  a  hypophysectomized  dog  and 
samples  collected  at  1  minute  intervals  by  the  procedure  described.  It  is 
noted  that  there  is  an  immediate  response  by  the  gland  to  the  administered 
ACTH  given  in  doses  as  small  as  one  milliunit.  The  minute  output  of 
17-hydroxycorticosteroids  increased  to  a  peak  which  was  dependent  upon 
the  total  dose  of  ACTH  given  and  slowly  fell  back  to  the  level  of  basal 
secretion  over  a  period  of  10  to  20  minutes.  Secretion  of  corticosteroid  from 
the  glands  of  these  animals  was  essentially  zero,  as  determined  by  this 
procedure,  before  the  administration  of  ACTH.  If  doses  of  ACTH  as  large 
as  20  milliunits  are  to  be  administered  to  the  assay  animal,  it  can  be  seen 
that  a  collection  period  longer  than  the  4th  to  the  13th  minute  used  in 
these  studies  would  be  desirable  (Table  1).  It  also  seems  that  a  longer  inter¬ 
val  between  doses  of  ACTH  would  be  necessary  if  larger  quantities  of  the 
hormone  were  to  be  administered.  If  2,  5,  and  10  milliunit  doses  of  ACTH 
are  given,  however,  the  secretion  rate  is  usually  zero  at  the  end  of  the 
30  min.  period. 

Control  bloods  taken  without  the  administration  of  ACTH  to  the  assay 
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MINUTES 

Fig.  1.  17-hydroxycorticosteroid  secretion  in  response  to  milliunit 
doses  of  ACTH  in  the  acutely  hypophysectomized  dog. 


animal  may  be  used  to  give  an  indication  of  the  completeness  of  the 
hypophysectomy.  Thus,  when  the  first  sample  taken  from  the  animal  has 
contained  less  than  20  /xg.  of  corticosteroid  for  the  10  min.  collection,  the 
assay  animal  has  almost  always  proven  to  respond  quantitatively  to  the 

Table  1.  Micrograms  17-hydroxycorticosteroid  secreted  per  minute  in 
HYPOPHYSECTOMIZED  DOGS  FOLLOWING  ACTH 


Minutes 

after 

ACTH 


Milliunits  ACTH  given  intravenously 


4th-llth  min. inch 
63.8  33.8  18.8  1.4 


4th-12  min. inch 
51.1  36.6  8.3 


4th— 13  min. inch 
338.8  269.4  215.1  117.1 
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administered  doses  of  ACTH.  However,  on  three  occasions  when  the 
control  sample  has  contained  17-hydroxycorticosteroids  in  quantities 
greater  than  20  ng.  per  10  min.  collection,  irregular  results  have  been  ob¬ 
tained  presumably  due  to  endogenous  secretion  of  ACTH.  This  only 
occurred  in  3  of  24  assays  reported  in  this  study.  The  importance  of  ob¬ 
taining  a  complete  hypophysectomy  cannot  be  overemphasized,  however, 
as  very  small  portions  of  the  gland  have  been  found  .to  secrete  considerable 
quantities  of  ACTH  (Hume  and  Nelson  1955). 


MILLIUNITS  ACTH  (LOG  DOSE) 

Fig.  2.  Dose  response  curve  to  ACTH  in  the  assay  dog.  Broken  lines  represent 
one  standard  deviation  on  either  side  of  the  calculated  slope. 

It  can  not  be  stressed  too  strongly  that  exact  timing  of  the  assay  must 
be  carried  out.  IVIinute  output  from  the  adrenal  gland  is  far  more  significant 
in  terms  of  response  to  ACTH  than  concentration  of  corticoid  in  the  blood 
(Hume  and  Nelson  1954,  Nelson  et  al.,  1951).  Wide  variations  in  blood  flow 
can  occur  without  appreciably  affecting  the  assay,  but  small  variations  in 
the  timing  can  have  rather  marked  effects  on  the  total  quantity  of  corticoid 
collected.  Thus,  although  timing  may  be  changed  for  particular  problems, 
as  for  instance  the  measurement  of  smaller  or  larger  quantities  of  ACTH 
than  those  administered  in  the  present  study,  extreme  care  should  be 
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taken  that  all  samples  collected  in  any  given  assay  animal  are  timed  uni¬ 
formly. 

Figure  2  illustrates  that  when  1,  2,  5,  and  10  milliunit  doses  of  ACTH  are 
given  to  the  assay  animal,  the  response  is  a  linear  function  of  the  log  of  the 
dose. 

The  results  of  9  assays  with  one  ACTH  preparation  carried  out  in  9  dogs 
are  given  in  Table  2.  Eight  to  fifteen  standard  doses  of  ACTH  in  the  range 
of  1  milliunit  to  10  milliunits  were  given  to  each  of  these  animals.  The 
excellent  precision  obtained  with  the  assay  is  illustrated  by  the  very  low^ 
lambda  values  which  were  found.  It  will  be  noted  that  varying  periods  of 
time  were  allowed  to  elapse  between  administration  of  ACTH  and  collec- 


Table  2.  Results  of  9  assays  using  one  ACTH  preparation* 


DOG 

n 

S 

b 

X 

Min.  lapse 
after 
ACTH 
before 
collection 

1 

Mean  response  in  micro¬ 
grams  17-hydroxycorti- 
costeroids  secreted  per 

10  min.  following  milli¬ 
unit  doses  of  ACTH 

milliunits 

2.0  2.5  5.0  10.0 

G2 

12 

10.3 

58 

0.178 

1 

18.5 

40 

58 

65 

18 

21 

134 

0.157 

1 

16.0 

84 

125 

67 

9 

27.1 

271 

0.100 

1 

14.0 

80 

156 

70 

8 

7.5 

100 

0.075 

2 

13.6 

49 

90 

71 

9 

13.5 

155 

0.087 

3 

17.5 

42 

117 

160 

77 

9 

14.7 

172 

0.085 

3 

13.5 

16t 

83 

142 

87 

15 

21.3 

122 

0.175 

3 

14.0 

39 

84 

110 

89 

11 

10.9 

172 

0.063 

3 

20.0 

54 

101 

157 

95 

9 

31.6 

174 

0.181 

3 

16.0 

67 

153 

170 

*  n=  number  of  standard  ACTH  doses. 
s=  standard  deviation  aliout  line, 
b  =  slope  of  line. 
s/b  =  X=index  of  precision. 

ACTH  used  was  Armour  Lot  |K  52004. 
t  One  sample  at  this  dose  level. 


tion  of  the  blood  samples.  For  the  dose  range  of  ACTH  used  in  this  study 
a  waiting  period  of  3  min.  appeared  to  be  highly  satisfactory.  Clear 
separations  in  mean  response  to  a  twofold  difference  in  dose  of  ACTH  given 
to  the  same  animal  can  be  seen  from  the  values  given.  Dog  number  67 
in  this  table  was  sympathectomized  before  the  assay  procedure  was  carried 
out.  In  this  case,  the  slope  of  the  response  to  ACTH  appears  to  be  some¬ 
what  greater  than  that  noted  in  the  non-sympathectomized  animals.  The 
average  response  to  5  milliunits  of  ACTH  given  to  18  assay  animals  was 
found  to  be  105  /xg-  17-hydroxycorticosteroids  per  10  min.  collection  period. 
Similarly,  the  mean  response  to  2.5  milliunits  of  ACTH  was  64  ng.  and  the 
mean  response  to  10  milliunits  of  ACTH  was  found  to  be  159  tig.  for  the 
collection  period. 

Although  an  extremely  non-homogeneous  population  of  animals  was 
used  for  these  assays,  a  fair  degree  of  uniformity  was  found  in  the  response 
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to  a  given  dose  of  ACTH  when  a  comparison  was  made  between  different 
assay  animals.  The  mean  lambda  value  for  18  assays  was  found  to  be  0.118 
with  a  standard  error  of  0.009.  Three  assays  were  not  included  due  to 
incomplete  hypophysectomy  and  resulting  high  control  values,  and  in 
three  cases  the  adrenal  cannula  failed  to  work  properly. 

As  is  illustrated  in  Table  2,  one  dose  level  of  ACTH  given  to  nine  differ¬ 
ent  assay  animals  stimulated  roughly  the  same  secretion  of  17-hydroxy- 
corticosteroids.  There  is,  however,  variation  in  the  magnitude  of  the 
response  of  different  animals  to  the  same  dose  of  ACTH.  For  a  direct 
comparison  of  potencies  between  two  preparations  it  obviously  is  desirable 
to  give  both  to  one  assay  animal  alternating  between  standard  and  un¬ 
known  at  various  dose  levels. 

The  total  blood  flow  through  the  gland  during  the  period  of  collection 
may  vary  within  wide  limits  without  affecting  the  corticoid  output  appre¬ 
ciably.  Only  when  some  mechanical  obstruction  interferes  with  free  flow 
of  the  blood  or  the  flow  falls  to  very  low  levels  has  it  been  noted  that  the 
total  blood  flow  through  the  gland  has  any  demonstrable  effect  upon 
corticoid  secretion  (Hume  and  Nelson  1954). 

Blood  samples  from  other  dogs  were  assayed  for  ACTH  content  in  a 
number  of  these  assay  animals.  In  no  case  did  the  administration  of  single 
samples  of  such  dog  blood  appear  to  interfere  with  the  animal’s  ability 
to  respond  to  further  doses  of  standard  ACTH.  As  reported  elsewhere,  the 
direct  administration  of  fresh  blood  containing  ACTH  appears  to  be  an 
accurate  means  for  measuring  ACTH  in  dog  blood  (Nelson  and  Hume 
1954,  1955).  Attempts  to  give  human  plasma  directly  sometimes  resulted 
in  temporary  cessation  of  blood  flow  from  the  adrenal  cannula,  and  it 
appears  that  some  preliminary  fractionation  procedure  may  be  necessary 
when  the  assay  of  ACTH  in  blood  from  species  other  than  the  dog  is  to  be 
carried  out. 

Although  the  procedure  at  present  has  a  relatively  high  degree  of 
sensitivity,  preliminary  experiments  indicate  that  even  greater  sensitivity 
may  be  achieved  by  injecting  the  ACTH  directly  into  the  aorta  at  the 
point  at  which  the  adrenal  arteries  branch  off.  If  the  aorta  is  constricted 
below  this  point  and  other  major  branches  are  tied  or  temporarily  con¬ 
stricted  during  the  period  of  ACTH  administration,  an  increase  of  sensi¬ 
tivity  by  a  factor  of  2  to  4  has  been  obtained.  The  reproducibility  of  such 
a  procedure,  however,  is  yet  to  be  investigated. 

DISCUSSION 

The  procedure  described  for  the  assay  of  ACTH  appears  to  have  many 
advantages  over  methods  which  have  been  used  previously.  First,  there  is 
little  doubt  about  the  specificity  of  the  method  if  a  hypophysectomized 
animal  is  used.  Only  ACTH  is  known  to  cause  secretion  of  17-hydroxy- 
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corticosteroids  from  the  adrenal  cortex  of  the  hypophysectomized  animal. 
Standards  and  unknowns  can  be  given  repeatedly  to  the  same  animal  and 
thus  a  high  degree  of  precision  can  be  obtained  with  few  samples. 

Attempts  to  use  chronically  hypophysectomized  animals  maintained  on 
ACTH  to  prevent  adrenal  atrophy,  the  use  of  ether  anesthesia  and  different 
periods  for  blood  collection  were  tried  less  successfully  before  the  present 
procedure  was  adopted.  Only  the  assays  using  the  technique  described  are 
reported  in  this  paper. 

Although  the  reproducibility  of  the  method  makes  it  appear  to  be  a  good 
assay  for  ACTH  obtained  by  any  means,  it  has  been  found  to  be  a  par¬ 
ticularly  useful  procedure  for  the  determination  of  very  small  quantities 
of  ACTH  in  the  blood  of  dogs.  For  this  type  of  determination,  the  blood  to 
be  assayed  may  be  taken  directly  from  the  donor  animal  and  given  immedi¬ 
ately,  intravenously,  to  the  assay  animal.  There  is  no  opportunity  for  loss 
or  destruction  of  the  ACTH  during  a  period  of  extraction  or  storage.  Such 
a  procedure  can  be  expected  to  measure  all  corticogenic  activity  which  is 
present  in  the  blood,  and  not  only  one  particular  fraction  which  might 
be  isolated  from  a  sample.  It  has  been  possible  by  this  method  to  demon¬ 
strate  levels  of  ACTH  in  the  blood  of  adrenalectomized,  and  traumatized 
normal  dogs,  but  no  activity  has  been  found  in  the  blood  of  hypophysec¬ 
tomized  or  traumatized  hypophysectomized  animals  (Nelson  and  Hume 
1955).  Thus,  quantitative  variations  in  the  lev'el  of  ACTH  in  the  blood  of 
dogs  may  be  determined  by  this  procedure. 

The  direct  measurement  of  adrenocorticosteroid  output  in  the  adrenal 
venous  blood  of  the  hypophysectomized  dog,  in  response  to  known  and 
unknown  doses  of  ACTH,  has  the  distinct  advantage  that  one  is  not  de¬ 
pendent  upon  a  less  direct  measurement  of  activity,  but  upon  the  actual 
response  of  the  end  organ  to  the  pituitary  hormone  being  assayed.  The 
finding  that  more  indirect  procedures  such  as  the  ascorbic  acid  depleting 
activity  following  administration  of  ACTH  may  not  always  be  directly 
related  to  the  ability  of  an  ACTH  preparation  to  cause  release  of  corti¬ 
costeroids  from  the  adrenal  gland  emphasizes  the  importance  of  a  direct 
measurement  of  adrenocorticotrophic  activity  (Liddle,  et  ah,  1954).  The 
chromatographic  separation  of  fractions  containing  chiefly  ascorbic  acid 
depleting  activity  on  the  one  hand  and  an  adrenal  growth  factor  on  the 
other  further  emphasizes  the  need  for  specific  indices  when  measuring 
adrenocorticotrophic  activity  (Dixon,  et  al.,  1951).  The  greater  lability  of 
adrenal  growth  factor  than  ascorbic  acid  depleting  factor  to  acid  hydrolysis 
has  also  been  reported  (Reinhardt  and  Li,  1951).  Until  the  confusion 
caused  by  reports  of  a  number  of  adrenocorticotrophic  factors  is  cleared,  it 
appears  that  more  than  one  type  of  assay  is  required  to  give  a  valid  indi¬ 
cation  of  all  adrenal  stimulating  activity  contained  in  a  specific  pituitary 
fraction.  The  obvious  advantage  of  measuring  corticogenic  activity  on  the 
basis  of  corticosteroids  secreted  in  response  to  ACTH  is  easily  recognized. 
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SUMMARY 

A  method  for  the  assay  of  ACTH  has  been  described.  The  secretion  of 
17-hydroxycorticosteroids  in  the  adrenal  vein  of  the  hypophysectomized 
dog  has  a  linear  relation  to  the  log  of  the  dose  following  the  injection  of  1  to 
10  milliunit  quantities  of  ACTH  into  the  dog’s  peripheral  circulation.  It 
has  been  demonstrated  that  such  animals  may  be  used  for  the  precise  assay 
of  purified  preparations  of  ACTH.  Dog  blood  ACTH  content  may  also  be 
determined  without  preliminary  extraction  of  the  ACTH  from  the  blood 
sample. 

The  method  described  appears  to  have  the  distinct  advantage  over  other 
methods  that  the  ACTH  activity  is  determined  directly  in  terms  of 
corticosteroids  secreted  by  an  indi^^dual  dog’s  adrenal  cortex  in  response  to 
repeated  single  doses  of  ACTH.  The  mean  lambda  value  for  18  assays 
carried  out  by  this  procedure  was  found  to  be  0.118. 
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THE  EFFECT  OF  ESTROGENS  ON  THE  OVARY  OF  THE 
HYPOPHYSECTOMIZED  RAT 

RICHARD  W.  PAYNE  and  ARTHUR  A.  HELLBAUIVI 

Department  of  Pharmacology,  University  of  Oklahoma, 

School  of  Medicine,  Oklahoma  City,  Oklahoma 

An  OVARIAN  weight  increase  in  the  hypophysectomized  rat  treated 
with  diethylstilbestrol  was  first  reported  by  Williams  (1940).  Estra¬ 
diol  dipropionate  has  been  shown  by  Pencharz  (1940)  to  produce  a  similar, 
but  less  marked,  effect.  Simpson  and  collaborators  (1941),  and  Gaaren- 
stroom  and  deJongh  (1946)  have  demonstrated  that  this  gain  in  ovarian 
mass  in  due  to  an  increased  number  of  healthy,  solid,  medium-sized 
follicles.  The  present  study  is  concerned  with  quantitative  aspects  of  the 
above  phenomenon. 


METHODS 

Female  rats  of  the  Holtzman  strain  24-25  days  of  age,  weighing  45-50  gm.  were 
hypophysectomized  using  the  parapharyngeal  approach.  A  few  animals  were  also  bi¬ 
laterally  adrenalectomized  at  the  time  of  hypophysectomy.  Injections  were  begun 
promptly  after  hypophysectomy  in  order  to  minimize  the  ovarian  atrophy  which  occurs 
soon  after  removal  of  the  pituitary  gland.  Estrogen  was  administered  daily  for  4  days 
in  equally  divided  doses  and  the  animals  were  killed  by  cervical  fracture  48  hours  after 
the  last  injection,  120  hours  after  hypophysectomy.  Both  ovaries  were  dissected  free 
and  weighed  to  the  closest  0.05  mg.  on  a  suitable  Roller  Smith  torsion  balance.  The 
uterus  was  stripped  of  adventitious  tissue,  blotted  between  absorbent  paper  and  similarl}' 
weighed.  Uterine  distention  with  fluid  was  roughly  estimated  as  1  -|-  through  4-|-.  Tissues 
were  saved  in  buffered  formalin  and  stained  with  standard  hematoxylin  and  eosin  for 
histological  examination. 

Estrone  and  estriol,  prepared  as  aqueous  saline  suspensions,  were  injected  subcu¬ 
taneously.  The  other  estrogens  were  injected  subcutaneously  in  sesame  oil  in  a  concen¬ 
tration  calculated  to  allow  administration  of  the  daily  dose  in  0. 1-0.2  ml.  of  oil.  Diethyl¬ 
stilbestrol  was  otherwise  administered  to  one  group  of  animals  by  inunction,  i.e.,  0.5  mg. 
in  0.1  ml.  sesame  oil  was  gently  rubbed  on  a  different  skin  area  daily  and  to  another  group 
0.1  ml.  of  the  same  preparation  was  administered  daily  by  stomach  tube. 

Hypophysectomized  uninjected  rats  were  included  in  the  cages  with  estrogen  treated 
rats — comprising  the  “cage  mate”  control  group.  A  further  control  series  of  hypophy¬ 
sectomized  rats  was  isolated  from  all  estrogen  contact,  these  animals  are  designated  as 
“isolated”  controls. 

RESULTS 

An  optimal  increase  in  ovarian  weight  was  found  to  occur  approximately 
48  hours  after  the  last  injection  of  diethylstilbestrol  (Fig.  1),  consequently 
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Fig.  1.  Duration  of  increased  ovarian  weight  in  the  hypophysectomized  immature 
rat  following  cessation  of  treatment  with  diethylstilbestrol.  The  estrogen  was  ad¬ 
ministered  in  a  dose  of  0.5  mg.  dailj’  for  4  doses  beginning  at  the  time  of  hypophysec- 
tomy.  Zero  time  on  the  abscissa  represents  the  time  of  the  last  injection.  Each  point  is 
the  average  of  3  animals. 

this  time  was  selected  for  making  comparisons  with  the  effectiveness  of 
other  estrogens. 

The  effect  of  diethylstilbestrol  on  the  hypophysectomized  immature  rat 
ovary  when  given  by  several  routes  of  administration  and  in  various  doses 
is  shown  in  Table  1.  When  ovarian  weight  was  corrected  for  final  body 
weight  of  the  animal  and  plotted  logarithmically,  an  approximately  linear 
dose  response  to  subcutaneous  injection  of  diethylstilbestrol  became 
apparent  over  a  wide  dose  range  (Fig.  2).  Doses  larger  than  1  mg.  daily 


Table  1.  Effect  of  various  doses  of  diethylstilbestrol  on  ovarian  weight  in 

THE  HYPOPHYSECTOMIZED  IMMATURE  RAT 


Total 

Route  of 
administration 

No.  of 

Mean 

Mean  ovarian 

Estrogen 

dose 

mg.* •* 

ani¬ 

mals 

ovarian 
wt.,  mg.* 

wt.,  mg./ 100 
mg.  body  wt.* 

Dielthystilbestrol 

4.0 

Subcutaneous 

14 

26.34  +  1.18 

54.09±2.95 

Diethvlstilbestrol 

2. Ob 

Subcutaneous 

10 

23. 26  ±1.14 

51.44+2.16 

Diethylstilbestrol 

0.2<- 

Subcutaneous 

11 

14.80 ±  .68 

35.46  +  1.84 

Diethylstilbestrol 

0.02<* 

Subcutaneous 

9 

10.84+  .91 

24. 64  ±1.42 

Diethylstilbestrol 

2.0 

Oral 

8 

11.89±  .65 

27. 34  ±1.29 

Diethylstilbestrol 
“Cage  mate”  control 

2.0 

Inunction 

9 

17.99  +  1.15 

38.64±2.21 

0.0 

12 

8.34 ±  .24 

20.4  ±  .94 

*  +  Standard  error. 

‘  One  quarter  of  total  dose  given  daily  for  4  days  beginning  immediately  after  hj'pohysec- 
tomy. 

*>  P<.05  for  the  difference  between  this  group  and  the  higher  dose  of  diethylstilbestrol. 
'  P<.01  vs.  control. 

•*  P<.05  vs.  control. 


August,  1955 


OVARIAN  RESPONSE  TO  ESTROGENS 


195 


Fig.  2.  The  effect  of  various  doses  of  diethylstilbestrol  on  ovarian  weight  increase  in 
the  hypophj'sectomized  immature  rat.  “Cage  mate”  control  ovaries  averaged  20.4 
mg./lOO  gm.  body  weight. 

(total  4  mg.)  were  unduly  toxic  to  the  test  animals;  a  single  dose  of  25  mg. 
given  subcutaneously  in  oil  killed  most  animals  within  24  hours  and  a  dose 
of  100  mg.  was  lethal  within  15  minutes  after  injection.  Oral  administration 
of  diethylstilbestrol  in  oil  was  followed  by  a  relatively  weak  ovarian  re¬ 
sponse.  Diethylstilbestrol  appeared  to  be  quite  efficiently  absorbed  through 
the  intact  skin. 

This  ovary  stimulating  effect  is  apparently  not  mediated  through  the 


Table  2.  The  influence  of  a  total  dose  of  2  mg.*  of  various  estrogens  on 

OVARIAN  WEIGHT  IN  THE  HYPOPH YSECTOMIZED  IMMATURE  RAT 


Estrogen 

No.  of 
animals 

Mean 

wt., 

ovarian 

gm.* 

Mean  ovarian 
wt.,  mg.  /lOO 
gm.  body  wt.* 

Diethylstilbestrol 

10 

28. 

.26 

±1 

.14 

51 

.44-2 

.16 

Hexestrol 

11 

22. 

95 

+1 

.26 

49 

.9  4-2 

.67 

Dienestrol 

9 

21 . 

.04 

+ 1 

.14 

48 

.14-2 

.61 

Ethinyl  estradiol** 

10 

18. 

.9.3 

± 

.69 

42 

.3  4-2 

.36 

Estrone 

12 

10. 

53 

4- 

.72 

39 

.64-2 

.13 

Estradiol  benzoate 

11 

16 

.25 

+ 

.94 

36 

.9  4-2 

.23 

Methallenestril  (Vallestril) 

9 

1.3 

.20 

+ 

.81 

29 

.84-1 

.55 

Methyl-bisdehydrodoisy nolle  acid 

9 

11 

.22 

+ 

.73 

26 

.9  +  1 

.28 

Estriol' 

9 

10. 

.30 

4- 

.59 

25 

.6  +  1 

.51 

Chlorotrianisene  (TACE) 

8 

9 

.75 

4- 

.58 

20 

.9  +  1 

.34 

Monobenzvlstilbestrol  (Monozol)** 

9 

9 

.54 

± 

.36 

21 

.6  +  1 

.22 

Parahydroxypropiophenone 

2 

8 

.50 

+  - 

— 

— 

Estrone®  d-Estriol 
“Cage  mate”  controls 

8 

18 

.01 

4-  1 

.18 

41 

.9  +  2 

.03 

12 

8 

.34 

4- 

.24 

20 

.4  + 

.94 

Isolated  controls 

17 

7 

.85 

4- 

.36 

— 

*  ±  Standard  error. 

*  One  quarter  of  dose  given  subcutaneously  in  oil  daily  for  4  days  beginning  immediately 
after  hypophyseetomy. 

*»  P<.0i  VS.  diethylstilbestrol. 

'  P<.01  vs.  “Cage  mate”  controls. 

•*  P<.025  vs.  “Cage  mate”  controls. 

®  Total  dose  of  2  mg  of  each. 
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adrenal  glands,  as  removal  of  the  adrenals  in  hypophysectomized  immature 
rats  did  not  alter  the  response  to  diethylstilbestrol. 

Under  the  circumstances  of  the  experimental  procedure  hexestrol  and 
dienestrol  were  found  of  comparable  potency  to  diethystilbestrol  when 
given  by  subcutaneous  injection  (Table  2).  Ethinyl  estradiol,  estrone,  and 
estradiol  benzoate  were  of  moderate  potency  in  the  production  of  the 
observed  effect.  Alethallenestril  (Vallestril),  methyl-bis-dehydrodoisynolic 
acid,  estriol,  the  monobenzyl  ether  of  stilbestrol  (Monozol)  and  chloro- 
trianisene  (TACE)  showed  comparatively  weak  activity  under  the  con- 


Fig.  3a.  “Cage  mate”  rat  ovary  120  hours  after  hypophysectomy.  Abundant 
interstitial  tissue  may  be  seen  surrounding  primordial  follicles.  XIOO. 


ditions  employed,  while  p-hydroxy-propiophenone  had  no  apparent  effect* 
Estrone  given  with  estriol  produced  only  an  additive  effect  on  the  ovary. 
Ovaries  of  the  “cage  mate"  control  rats  were  heavier  than  those  of  the 
isolated  hypophysectomized  animals,  undoubtedly  due  to  gross  contamina¬ 
tion  of  the  cages  from  the  large  quantities  of  estrogen  employed. 

Microscopic  evidence  of  progressive  follicular  development  to  the  me¬ 
dium  sized  solid  follicle  stage  paralleled  the  increase  in  ovarian  weight. 
Ovaries  of  the  “cage  mate"  control  animals  showed  only  questionable 
stimulation  (Fig.  3a),  while  those  receiving  a  total  dose  of  2  mg.  of  diethyl¬ 
stilbestrol  showed  uniform  and  maximum  development  of  solid  follicles 
(Fig.  3b). 
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Fig.  3b.  Ovary  from  hj’pophysectomized  immature  rat,  120  hours  postoperatively 
treated  with  0.5  mg.  of  diethylstilbestrol  in  oil  subcutaneously  daily  for  4  days  beginning 
immediately  after  hypophysectomy.  There  is  uniform  development  to  the  solid  medium 
size  follicle  stage  with  only  scant  and  compressed  interstitial  tissue  visible.  Mitotic 
figures  are  present  in  the  granulosa  cells.  The  cells  of  the  theca  interna  are  not  stimulated 
and  the  ova  appear  in  good  condition.  XI 00. 

Table  3.  Effect  of  estrogens  on  uterine  weight  of  hypophysectomized 

IMMATURE  RATS 


Total  Route  of 
dose  administration 


Mean 

uterine 


Estrogen 


Diethylstilbestrol 

4 

Subcutaneous 

90.3 

+  4.25 

Diethylstilbestrol 

4 

Subcutaneous 

103.7 

±5.85 

Diethylstilbestrol 

.2 

Subcutaneous 

99.4 

±3.68 

Diethylstilbestrol 

.02 

Subcutaneous 

99.5 

±1.00 

Diethylstilbestrol 

2.0 

Inunction 

110.8 

±4.93 

Diethylstilbestrol 

2.0 

Oral 

113.0 

±5.56 

Ethinyl  estradiol 

2.0 

Subcutaneous 

110.0 

±4.42 

Estradiol  benzoate 

2.0 

Subcutaneous 

104.9 

±3.96 

Hexestrol 

2.0 

Subcutaneous 

109.2 

±3.74 

Methyl-bisdehydrodoisy nolle  acid 
Methallenestril 

2.0 

2.0 

Subcutaneous 

Subcutaneous 

112.6 

101.0 

±2.83 

±5.96 

Chlorotrianisene 

2.0 

Subcutaneous 

86.9 

±2.48 

Estriol 

2.0 

Subcutaneous 

88.2 

±3.43 

Estrone 

2.0 

Subcutaneous 

98.6 

+  3.94 

Estronef 

2 

Subcutaneous 

88.1 

±3.56 

+ 

+ 

Estriol 

2 

Subcutaneous 

“Cage  mate”  controls 

Subcutaneous 

113.6 

±13.4 

*  One  quarter  of  total  dose  given  daily  for  4  days  following  hypophysectomy. 
t  P<.05  vs.  estrone  alone. 
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The  amounts  of  estrogen  to  which  the  “cage  mate”  control  animals  were 
exposed  was  sufficient  to  produce  approximately  maximal  uterine  fluid 
accumulation  (3^  plus),  as  well  as  peak  weight  increase  of  these  uteri. 
Further  increments  of  the  more  potent  estrogens  caused  only  slight  further 
increase  in  uterine  fluid  content  and  perhaps  a  slight  decrease  in  uterine 
weight.  Probably  little  confidence  may  be  placed  in  the  uterine  weights 
obtained  (Table  3)  as  the  amounts  of  estrogen  used  were  far  beyond  the 
maximal  doses  for  estrogenic  uterine  stimulating  effect.  However,  estriol 
and  chlorotrianisene  produced  a  somewhat  lighter  uterus  than  the  other 
estrogens.  Estriol  further  reduced  the  weight  of  the  estrone  stimulated 
uterus  as  has  been  reported  by  Hisaw  (1953)  using  smaller  doses  of  these 
estrogens,  in  contrast  to  the  additive  effect  of  these  two  substances  on  the 
ovary.  The  vagina  was  open  in  all  animals  except  those  in  the  isolated 
hypophysectomized  control  group  at  the  completion  of  the  experimental 
period. 


DISCUSSION 

Increased  ovarian  weight  in  the  hypophysectomized  weanling  rat  fol¬ 
lowing  administration  of  certain  estrogens  appears  to  be  quantitatively 
related  to  estrogenic  activity  of  the  compounds  tested.  Ihe  greatest  in¬ 
crement  of  the  dose-response  curve  based  on  the  end  point  of  ovarian 
weight  increase  is  far  beyond  the  plateau  of  the  uterotropic  effect  produced 
by  estrogens  on  the  same  animals.  Similarly,  the  minimal  effective  dose 
required  in  the  present  study  (20  )ug.  of  diethylstilbestrol)  is  much  larger 
than  the  dose  required  to  produce  a  maximal  effect  by  assays  using  vaginal 
cornification  in  the  adult  oophorectomized  rat,  the  end  point  upon  which 
the  Allen-Doisy  technique  is  based  (1923). 

If  the  observed  effect  may  be  considered  to  be  important  in  the  normal 
function  of  the  ovary  it  would  obviously  be  of  a  more  subtle  nature  than 
the  gross  changes  produced  in  the  present  experiment.  It  is  nevertheless 
likely  that  estrogen  does  normally  provide  stimulus  to  the  early  phases 
of  follicular  development  (De  Wit,  1953;  Hisaw,  1947). 

The  relatively  poor  sensiti\dty  of  the  method  of  evaluation  used  might 
be  of  some  advantage  in  assessment  of  estrogenic  potency  as  small  amounts 
of  exogenous  estrogen,  often  a  disturbing  factor  in  the  more  sen.sitive 
assays,  do  not  greatly  influence  ovarian  response.  The  time  relationships 
under  which  the  present  study  was  conducted  were  particularly  favorable 
to  diethylstilbestrol  given  subcutaneously.  The  relative  potency  of  the 
other  estrogens  tested  perhaps  would  be  changed  by  other  schedules  of 
administration.  For  example,  estradiol  benzoate,  methallenestril  and 
chlorotrianisene  might  appear  more  potent  if  sufficient  time  was  allowed 
for  peak  effect.  However,  under  the  conditions  of  the  experiment  certain  of 
the  estrogen  tested  show  significant  differences  in  potency.  It  is  difficult  to 
closely  compare  the  results  obtained  with  other  assay  methods  for  estro¬ 
genic  potency  in  common  use,  including  the  Allan-Doisy  methods  and 
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clinical  estimates  of  estrogen  activity  in  the  human  being,  yet  the  present 
results  would  generally  appear  to  be  at  least  compatible  with  results  ob¬ 
tained  by  these  methods.  Methyl-bis-dehydrodoisynolic  acid,  though  an 
exceptionally  potent  estrogen  under  the  conditions  of  the  Allan-Doisy  test 
in  the  rat,  was  found  to  be  comparatively  weak  under  the  present  circum¬ 
stances — more  in  keeping  with  its  weak  estrogenic  effect  in  the  human 
being  (Segaloff,  1949). 

Diethylstilbestrol  in  oil  given  orally  produced  considerably  less  response 
than  that  seen  after  subcutaneous  administration.  This  would  appear  to 
be  at  variance  with  generally  accepted  experience.  The  surprisingly  effec¬ 
tive  absorption  of  large  doses  of  diethylstilbestrol  through  the  intact  skin 
pro\ddes  an  interesting  contrast. 

The  linear  dose-response  curve  obtained  with  diethylstilbestrol  would 
indicate  that  quantitative  significance  might  be  attached  to  the  data 
presented.  This  consistent  direct  stimulation  of  the  ovary  by  substances 
similar  to  the  secretion  of  the  same  organ  is  of  interest.  The  presence  of  the 
pituitary  gland  and  the  maturity  of  the  rat  modifies  this  response  con¬ 
siderably,  indeed  the  mature  rat  ovary  is  more  refractory  to  estrogen  than 
ovaries  of  younger  animals  (Gaarenstroom  and  deJongh,  1940).  The  effect 
of  estrogen  on  the  immature  hypophysectomized  rat  ovary  appears  to  be 
true  stimulation  characterized  by  abundant  production  of  medium-sized 
solid  follicles.  Moreover,  these  ovaries  have  been  found  more  sensitive  to 
further  development  with  certain  pituitary  factors  as  will  be  reported  at  a 
later  date. 


SUMMARY 

A  quantitative  increase  in  ovarian  weight  followed  ascending  doses  of 
diethylstilbestrol  given  subcutaneously  to  hypophysectomized  immature 
rats;  diethylstilbestrol  in  oil  by  inunction  was  quite  effective  and  by  the 
oral  route  relatively  weak.  Diethylstilbestrol  stimulated  the  ovaries  to  a 
greater  extent  than  other  estrogens  tested.  The  following  estrogens  were 
effective  in  the  descending  order:  hexestrol,  dienestrol,  ethinyl  estradiol, 
estrone,  estradiol  benzoate,  methallenestril,  estriol,  chlorotrianisene  and 
monobenzylstilbestrol. 
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BIOGENESIS  OF  THE  ESTROGENS:  THE  CONVERSION 
OF  TESTOSTERONE-4-C'^  TO  ESTRONE 
IN  THE  PREGNANT  MARE' 

R.  D.  H.  HEARD,  P.  H.  JELLINCK  and  V.  J.  O’DONNELL 

Department  of  Biochemistry,  McGill  University,  Montreal,  Canada 
INTRODUCTION 

IT  HAS  already  been  demonstrated  in  the  pregnant  mare  that  estrone 
and  the  ring  B  unsaturated  estrogens  (equilin  and  equilenin)  arise  from 
acetate  (Heard  et  al.,  1954)  but  not  from  cholesterol  (Heard  and  O’Donnell, 
1954).  In  the  present  study,  androgen  as  a  source  of  estrogen  has  been 
explored.  Increased  excretion  of  estrogenic  substances  has  been  reported 
following  the  administration  of  male  sex  hormones  to  men  (normal, 
eunuchoid,  acromegalic  and  with  prostatic  hypertrophy),  to  normal  and 
castrated  male  rats  and  to  monkeys  (Steinach,  Kun  and  Peczenik,  1936; 
Steinach  and  Kun,  1937;  Dorfman  and  Hamilton,  1939;  Callow,  Callow 
and  Emmens,  1939;  Hoskins,  Coffman,  Koch  and  Kenyon,  1939;  and 
Nathanson,  Engel,  Kennedy  and  Kelley,  1951).  On  the  other  hand,  Kocha- 
kian  (1938)  found  that  the  subcutaneous  injection  of  androgens  to  male 
dogs  (normal  and  castrate)  did  not  result  in  the  excretion  of  estrogens; 
contrariwise,  Paschkis  el  al.  (1943)  observed  an  increase  in  the  same 
species.  Laroche,  Simmonnet  and  Bompard  (1939)  presented  data  which 
indicated  no  elevation  in  estrogen  output  from  ovariectomized  women 
recei\Tng  testosterone  propionate,  but  Nathanson  and  Towne  (1939)  en¬ 
countered  a  discernible  rise  and  a  cornified  smear. 

A  valid  increment  in  estrogen  excretion  following  the  administration  of 
androgen  may  be  attributed  only  to  (a)  the  direct  biochemical  conversion 
of  the  latter  to  the  former  or  (b)  compensatory  hypersecretion  of  female 
hormones  in  response  to  flooding  the  organism  with  the  antagonistic  male 
hormone.  To  test  these  possibilities,  a  pregnant  mare  was  treated  with 
testosterone-4-C“  (ca.  55  pc.).  The  estrone  subsequently  isolated  from 
the  urine  of  the  following  three  days  was  found  to  contain  appreciable 
radioactivity.  Radiochemical  contamination  of  the  product  was  excluded 
by  rigorous  purification,  conversion  to  the  benzoate,  and  regeneration  of 
the  original  hormone.  Calculation  shows  that  the  formation  of  the  estrone 
results  from  direct  transformation  of  testosterone,  rather  than  degradation 
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of  the  latter  to  a  small  molecule  (such  as  acetate)  which  might  then  be 
incorporated  into  estrone. 

EXPERIMENTAL  AND  RESULTS 

Procedures  as  regards  determination  of  melting  points  and  radioactivity, 
collection  of  excreta,  hydrolysis  and  fractionation  of  urine,  and  isolation  of 
estrone  and  benzoic  acid  were  those  previously  described  (Heard  and 
O’Donnell,  1954). 

Administration  of  testosterone-4-C^*  and  collection  of  urine 

Testosterone-4-C‘^  *  (62.9X10®  counts  per  minute  in  15.7  mg.)  in  25  ml. 
of  95%  ethanol  was  administered  in  a  single  intrajugular  injection  to  a 
hybrid  mare  in  the  6th  month  of  gestation. 

Urine  (12.6  liters)  was  collected  for  3  days  and  stored  under  a  layer  of 
toluene. 

Distribution  of  radioactivity  in  the  various  fractions  of  urine 

Quantitative  data  and  radio-assay  of  the  different  organic  fractions  in 
the  processing  of  the  urine  are  given  in  Table  1.  The  total  residual  aqueous 
phase  contained  ca.  8.7  X 10®  counts  per  minute. 

Table  1.  Quantitative  data  and  radio-assay  of  urinary  fractions 


Fraction 

Weight 

(gm.) 

Counts  per  minute 
(X10«) 

Organic  (toluene  extract) 

— 

5.3 

Acidic 

22.. 308 

0.99 

Strong  phenolic 

10.327 

0.51 

Weak  phenolic 

1.174 

0.20 

Neutral 

3.380 

3.65 

Isolation  of  estrone 

The  weak  phenols  (1.174  gm.)  were  separated  into  ketonic  and  non- 
ketonic  (387  mg.  containing  39.900  counts  per  minute)  portions  with 
Girard’s  Reagent  T  (Girard  and  Sandulesco,  1936).  Crystallization  of  the 
former  from  ether  yielded  255  mg.  of  crude  estrone,  m.p.  243° -249°  C., 
which  exhibited  a  specific  activity®  of  362.  The  major  part  (231  mg.)  was 
purified  by  chromatography  in  the  Celite-NaOH  system  of  Carol, ^  Haenni 
and  Banes  (1950),  as  modified  in  these  laboratories  by  Solomon.  Recrystal¬ 
lization  of  the  estrone  eluates  from  ethanol  gave  153  mg.  of  product 
(m.p.  254°-255°  C.;  specific  activity,  366).  Identification  as  estrone  was 


*  The  tracer  hormone  was  prepared  and  kindly  donated  by  Dr.  ]\I.  Gut  of  the  Worces¬ 
ter  Foundation  for  Experimental  Biology,  Shrewsbury,  Mass. 

®  Specific  activity  is  defined  as  counts  per  minute  per  milligram. 

*  We  wish  to  thank  Dr.  J.  Carol  for  details  in  advance  of  publication. 
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established  by  admixture  melting  point  determination  (253°-256°  C.)  with 
authentic  material  (m.p.  250°-252°  C.)  and  comparison  of  the  sulfuric 
acid  chromogens  [the  observed  curves  were  identical  with  those  previously 
published  (Heard  and  O’Donnell,  1954)]. 

Preparation  of  estrone  benzoate 

A  sample  (100.2  mg.)  of  the  chromatographed  estrone  was  benzoylated 
by  the  Schotten-Baumann  method.  The  crystals  were  first  dissolved  in 
3.5  ml.  of  alcoholic  KOH  (5%);  aqueous  NaOH  (30  ml.  of  7%)  was  then 
added,  and  the  solution  was  treated  with  0.3  ml.  of  benzoyl  chloride  (48 
hours  at  room  temperature).  After  dilution,  the  product  was  collected  in 
benzene,  w'ashed,  and  the  solvent  was  distilled.  Crystallization  of  the 
residue  from  ethanol  (25  ml.)  yielded  75.5  mg.  of  estrone  benzoate,  m.p. 
219°-221°  C.,  both  alone  and  on  admixture  with  authentic  estrone  ben¬ 
zoate.  The  specific  activity  of  the  estrone  benzoate  was  259  (calculated  as 
estrone,  358). 

Regeneration  of  estrone  from  the  benzoate 

The  ester  (70.6  mg.)  was  saponified  by  refluxing  for  2  hours  in  20  ml.  of 
alcoholic  KOH  (5%).  On  dilution  with  100  ml.  of  aqueous  NaOH  (5%), 
the  alkaUne  phase  was  thoroughly  washed  with  benzene  to  remove  un¬ 
hydrolyzed  starting  material,  acidified  and  extracted  with  ether.  The 
combined  ethereal  extracts  were  shaken  out  with  saturated  aqueous 
NaHCOs,  washed,  dried  (Na2S04),  and  distilled  to  dryness.  The  oily 
residue  (32.1  mg.)  w^as  chromatographed  in  the  Celite-NaOH  system  and 
the  estrone  eluates  (27.7  mg.)  w'ere  recrystallized  from  ethanol  to  yield 
estrone  (18.3  mg.;  m.p.  249°-254°  C.;  specific  activity,  344).  Recrystalliza¬ 
tion  of  a  portion  (9.3  mg.)  from  benzene  sharpened  the  melting  point  to 
251°-252°  C.  (7.3  mg.;  specific  activity,  349). 

Isolation  of  benzoic  acid 

Benzoic  acid,  which  was  isolated  as  previously  described  (Heard  and 
O’Donnell,  1954),  show’ed  no  radioactivity  when  plated  at  a  concentration 
of  2.5  mg.  per  5  cm^. 


DISCUSSION 

Of  the  administered  in  testosterone,  22.3%  was  eliminated®  through 
the  kidneys  in  three  days,  mostly  in  water  soluble  state.  The  organic 
extract  of  the  acid  hydrolyzed  urine  contained  8.46%,  distributed  as 


®  An  effort  was  made  to  ascertain  salivary  excretion  by  oral  swabbing  for  2  hours  im¬ 
mediately  following  injection.  While  the  chloroform  extract  contained  2400  counts,  no 
significance  is  attached  to  this  low  value  because  of  the  contamination  hazard  in  the 
method  of  collection  (only  1  ^g.  of  the  administered  testosterone  would  be  required). 
An  upper  limit  is  however  established  for  this  period  (0.003%  of  the  injected  dose). 
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follows:  neutrals  68.6%,  acids  18.5%,  strong  phenols  9.58%,  and  weak 
phenols  3.83%.  Of  the  latter,  80.9%  appeared  in  the  ketonic  fraction,  and 
the  estrone  crystallized  therefrom  exhibited  a  specific  activity  of  362.  While 
the  method  of  fractionation  of  the  urine  and  isolation  of  the  estrone 
seemingly  precluded  possible  contamination  with  testosterone  or  its  direct 
conversion  products  (such  as  the  neutral  17-keto-steroids),  rigorous  puri¬ 
fication  was  demanded  in  that  only  ca.  0.1  mg.  of  the  latter  would  be 
required  to  account  for  all  the  radioactivity  of  the  total  estrone.  No  sig¬ 
nificant  alteration  in  specific  activity  in  the  course  of  several  cumulative 
operations  is  accepted  as  a  criterion  of  radiochemical  purity.  The  following 
reactions  w'ere  conducted  (specific  activity  indicated  in  parenthesis):  (a) 
chromatography  (Celite-NaOH  system)  and  one  recrystallization  (366); 
(b)  formation  of  the  benzoate  and  recrystallization  of  the  ester  (358;  cal¬ 
culated  as  estrone);  and  (c)  saponification  of  the  benzoate  follow-ed  by 
chromatography  and  tw'o  recrystallizations  of  the  regenerated  estrone 
(349). 

Comparison  of  the  yield  of  estrone  from  testosterone-4-C“  (about  1%) 
with  that  from  acetate-l-C*^  (about  0.01%)  in  the  same  species  (Heard 
ct  al.,  1954)  makes  improbable  the  mediation  of  a  simple  common  pro¬ 
genitor.  Conceivably  ring  A  of  the  androgen  could  be  degraded  in  vivo  in  a 
manner  such  that  the  C*^  of  carbon  4  is  released  as  acetate  (or  other  small 
molecular  fragments)  which  might  then  be  incorporated  into  estrone.  The 
much  greater  efficiency  (factor  =  100)  of  testosterone  as  a  precursor  speaks 
against  this  view.  Also  the  findings  of  Barry  et  al.  (1952)  and  of  Ashmore 
et  al.  (1953)  with  testosterone-4-C“  in  the  intact  rat  do  not  indicate 
catabolic  processes  leading  to  respiratory  C^^02  which  might  enter  into  a 
metabolic  pool.  The  present  evidence  points  to  direct  conversion,  but 
unequivocal  chemical  proof  must  await  a  method  of  degradation  of  estrone 
that  will  allow'  the  positioning  of  the  C“  wdth  certainty. 

This  positive  result  with  testosterone  necessitates  revaluation  of  the 
negative  finding  pre\’iously  reported  with  cholesterol  in  the  same  species 
by  Heard  and  O’Donnell  (1954).  In  both  mares,  the  radiochemical  dose 
was  approximately  the  same  and  the  isotopic  was  located  at  C4  in  both 
instances.  Conversion  of  testosterone  to  estrone  is  readily  detectable 
because  of  the  negligible  dilution  of  the  administered  material  with 
endogenous  androgen  in  the  pregnant  female,  but  the  observed  fate  of 
tracer  cholesterol  is  obviously  dependent  upon  the  extent  of  dilution  with 
the  large  mass  of  body  cholesterol  (about  375  gm.,  exclusive  of  that  of 
the  nervous  system  which  does  not  undergo  turnover).  In  the  earlier 
communication,  it  was  calculated  that  the  specific  activity  of  estrone 
derived  from  the  tracer  cholesterol  admixed  with  375  gm.  of  the  body 
sterol  would  be  209;  this  computation  is  thus  based  upon  the  limiting 
case  of  uniform  admixture  of  the  administered  cholesterol  wdth  the  total 
body  pool.  The  possibility  that  a  very  small  quantity  of  estrone  might 
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arise  from  cholesterol  via  testosterone  cannot  now  be  ignored.  In  such  an 
event,  the  low  conversion  yield  in  both  reaction  sequences  (of  the  order 
of  1%)  would  lead  to  estrone  with  insufficient  content  to  be  detectable. 
Similarly  in  the  course  of  conversion  of  acetate-l-C“  to  estrone  (Heard 
et  al.,  1954)  it  is  now  not  possible  to  state  whether  this  may  proceed  in  part 
through  testosterone. 

SUMMARY 

A  pregnant  mare  was  injected  intrajugularly  with  testosterone-4-C‘^  and 
the  urine  and  saliva  were  examined  for  radioactive  metabolic  products. 

The  estrone  isolated  from  the  urine  was  found  to  be  radioactive,  whereas 
the  benzoic  acid  contained  no  detectable 

The  conclusion  is  drawn  that  testosterone  may  function  as  a  direct 
progenitor  of  estrone  in  the  pregnant  mare. 
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STUDIES  ON  THE  MECHANISM  OF  STIMULATION 
OF  ACTH  SECRETION  WITH  THE  AID  OF 
MORPHINE  AS  A  BLOCKING  AGENT' 

F.  NORMAN  BRIGGS  and  PAUL  L.  MUNSON 

Biological  Research  Laboratories,  Harvard  School  of  Dental  Medicine  and  Department 
of  Pharmacology,  Harvard  Medical  School,  Boston,  Massachusetts 

The  rapidity  with  which  the  pituitary  can  release  adrenocorticotropic 
hormone  (ACTH)  in  response  to  various  stimuli  (Gray  and  Munson, 
1951;  Sydnor  and  Sayers,  1954)  suggests  that  the  nervous  system  must 
play  a  role  in  regulating  pituitary  function.  The  hypothalamus  is  partic¬ 
ularly  implicated  in  this  regulatory  process.  Stimulation  of  selected 
hypothalamic  centers  (de  Groot  and  Harris,  1950;  Hume,  1952;  Porter, 
1953)  has  been  shown  to  provoke  increased  secretion  of  ACTH  while 
lesions  in  specific  areas  of  the  hypothalamus  prevent  the  usual  response 
of  the  anterior  pituitary  (Harris,  1951 ;  Hume,  1952;  Porter,  1953;  Laqueur 
ct  aL,  1953;  McCamm,  1953).  Hypothalmic  influence  is  considered  to  be 
mediated  by  release  of  a  neurohormone  from  the  median  eminence  into  the 
portal  blood  which  carries  it  to  the  adenohypophysis  (Harris  and  Jacob- 
sohn,  1952). 

An  alternate  method  for  studying  the  role  of  the  central  nervous  system 
is  through  the  use  of  depressant  drugs.  In  contrast  to  electrolytic  lesions 
which  indiscriminately  destroy  vascular  as  well  as  nervous  tissue,  pharma¬ 
cologic  agents  can  be  selected  which  will  affect  the  nervous  system  pre¬ 
dominantly  if  not  exclusively.  The  following  report  describes  the  effect 
of  morphine  on  the  pituitary-adrenal  cortical  system. 

METHODS 

Male  albino  rats  of  an  inbred  strain  obtained  commercially*  were  used  in  all  experi¬ 
ments.  The  age  at  the  time  of  the  experiment  was  35  to  45  days  and  the  body  weight 
was  80  to  120  gm.  To  accustom  the  rats  to  the  manipulations  necessary  for  experimenta- 

Received  March  5,  1955. 

1  Presented  in  part  at  the  Fall  Meeting  of  the  American  Society  for  Pharmacology 
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was  supported  in  part  by  research  grants  from  the  National  Institutes  of  Health, 
United  States  Public  Health  Service  (GG-3011),  and  the  Milton  Fund  of  Harvard 
University;  and  by  a  Contract  (N5  ori-76)  between  Harvard  University  and  the  Office 
of  Naval  Research. 

*  Holtzman  Rat  Co.,  Madison,  Wisconsin. 
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tion,  they  were  handled  daily  from  the  time  of  arrival  in  the  laboratory.  Food®  and  water 
were  provided  ad  libitum  at  all  times.  The  rats  were  housed  in  metal  cages  with  floors  of 
wire  mesh  in  an  air-conditioned  room  maintained  at  78° +  2°  F.  Artificial  light  only  was 
available,  from  8  a.m.  to  8  p.m. 

An  increased  secretion  of  ACTH  was  detected  by  measurement  of  the  fall  in  adrenal 
ascorbic  acid  concentration  one  hour  after  stimulation.  This  phenomenon,  unless  pro¬ 
voked  by  administration  of  ACTH,  was  shown  by  Saj-ers  et  al.  (1945)  to  be  dependent 
upon  an  intact  anterior  pituitary  and  presumably  is  caused  by  release  of  increased 
amounts  of  ACTH  into  the  circulation,  ACTH  being  the  only  agent  which  reduces 
acutely  the  adrenal  ascorbic  acid  concentration  of  the  hypophysectomized  rat.  The  rats 
were  killed  rapidly  with  ether  one  hour  after  administration  of  the  stimulus.  One  adrenal 
was  quickly  removed  (within  1-2  minutes  after  exposure  to  ether),  cleaned  of  adherent 
connective  tissue,  and  rapidly  weighed  to  the  nearest  0.05  mg.  on  a  torsion  balance.^ 
It  was  then  ground  by  hand  in  an  all-glass  homogenizer  (McShan,  1950)®  and  thoroughly 
mixed  with  10  ml.  of  a  freshly  prepared  2.5%  solution  of  metaphosphoric  acid  (A.R.). 
The  suspension  was  filtered  through  paper  (Munktell  #00),  and  the  clear  filtrate  was 
analyzed  for  ascorbic  acid  by  a  modification®  of  the  method  of  Mindlin  and  Butler  (1936). 
The  adrenal  ascorbic  acid  concentration  was  expressed  as  mg.  per  100  gm.  fresh  adrenal. 

With  a  few  exceptions,  which  will  be  indicated  in  the  appropriate  places,  the  design 
of  the  experiments  was  uniform.  In  order  to  perform  various  surgical  procedures  and 
to  make  intravenous  injections  without  inducing  pain  or  fright  the  rats  were  anesthetized 
by  intraperitoneal  administration  of  sodium  pentobarbital  unless  otherwise  specified. 
Four  groups  of  rats  were  used  in  each  experiment.  The  first  group  received  no  additional 
pretreatment  except  the  injection  of  physiological  saline  solution.  A  second  group  was 
given  the  particular  drug,  or  treatment  under  consideration,  10  minutes  after  administra¬ 
tion  of  sodium  pentobarbital.  The  third  group  was  injected  with  morphine  intraperi- 
toneally  10  minutes  after  the  barbiturate,  and  with  saline  10  minutes  after  the  morphine. 
The  fourth  group  was  given  morphine  10  minutes  after  the  sodium  pentobarbital,  and 
the  drug  or  stressful  procedure  10  minutes  later.  Taking  as  zero  the  time  at  which  the 
sodium  pentobarbital  was  administered,  the  morphine  was  given  10  minutes  and  the 
stimulus  20  minutes  after  zero  time.  All  rats  w’ere  killed  60  +  10  minutes  after  the 
stimulus.  The  dose  of  sodium  i)entobarbital  was  not  the  same  in  all  groups.  The  rats  not 
receiving  morphine  required  for  adequate  anesthesia  a  dose  of  5  mg.  of  sodium  pento¬ 
barbital  per  100  gm.  This  is  a  lethal  dose  in  combination  wdth  the  desired  doses  of 
morphine.  The  dose  of  4.0  mg.  of  sodium  pentobarbital  per  100  gm.,  in  combination  with 
morphine,  was  tolerated,  produced  general  anesthesia  and  was  sufficiently  large  to  pre¬ 
vent  the  excitatory  effects  of  morphine. 

The  significance  of  differences  between  means  was  calculated  by  standard  statistical 
procedures.  The  j)robability  (P)  that  a  difference  was  not  significant  was  based  on  the 
value  found  for  “t”  and  was  derived  from  the  appropriate  table  of  Fisher  and  Yates 
(1948). 

Solutions  of  the  various  drugs  were  prepared  so  as  to  contain  in  0.2  ml.  the  dose  per 
100  gm.  body  wiehgt,  except  that  the  ACTH  preparation  was  administered  in  a  volume 
of  0.5  ml.  per  100  gm.  Drugs  for  intravenous  or  subcutaneous  injection  were  dissolved 
in  isotonic  .saline  solution,  for  intraperitoneal  administration,  in  distilled  water.  Intra. 
venous  injections  were  made  by  wa}’  of  a  tail  vein,  using  a  one-half  inch  27  gauge  needle- 
Rats  which  showed  a  painful  reaction  to  insertion  of  the  needle  were  immediately  dis¬ 
carded  from  the  experiment. 

®  Purina  Laboratory  Chow. 

®  Roller-Smith. 

®  Macalaster  Bicknell  Co.,  Cambridge,  Mass. 

*  Details  of  the  modified  procedure  w’ill  be  supplied  upon  request. 
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Morphine  was  administered  as  morphine  sulfate  (75.2%  morphine),  histamine  as 
histamine  dihydrochloride  (60.4%  histamine),  and  (-epinephrine  as  (-epinephrine  hydro¬ 
chloride  (83.5%  (-epinephrine).  The  doses  in  the  text  and  figures  are  stated  in  terms  of 
the  salts,  and  were  administered  per  100  gm.  body  weight. 


Histamine.  Histamine  injected  intravenously  into  rats  anethetized  with 
sodium  pentobarbital  produced  a  marked  fall  in  adrenal  ascorbic  acid 
concentration  (Fig.  1).  Hypersecretion  of  ACTH  was  thus  demonstrated. 
Injection  of  saline  alone  caused  no  change  in  the  adrenal  ascorbic  acid 
value  (400-450  mg.%)  well  established  as  normal  in  our  own  and  other 


T  reotment 


9  Saline,  0.2  ml  ,  i.p 


Histamine  dihydro- 
®  chloride,  0.5  mg.,  i.p. 


9  Saline,  0.2  ml,  i.p 


Histomine  dihydro¬ 
chloride.  0.5  mg.,  I.p. 


^  Mg. 

Ascorbic  Acid  /  tOO  Gm 

Adrenal 

200 

300 

400 

Statistical  Significance.  B  vs  D,  P<  0.001 


Fig.  1.  The  effect  of  pretreatment  with  morphine  on  the  adrenal  ascorbic  acid  response 
of  anesthetized  rats  to  histamine.  All  do.ses  were  administered  per  100  gm.  body  weight. 
The  brackets  represent  the  standard  errors. 

laboratories.  This  shows  that  the  fall  in  adrenal  ascorbic  acid,  observed  in 
the  rats  injected  with  histamine,  is  referable  to  the  histamine  alone  and 
not  to  the  concomitant  manipulation  of  the  animals.  Pretreatment  of  the 
anesthetized  rats  with  morphine  markedly  inhibited  the  response  to 
histamine,  results  which  provided  the  first  indication  that  morphine  can 
act  to  block  the  effect  of  a  standard  stimulus  on  the  secretion  of  ACTH. 
The  question  remained  whether  or  not  morphine  alone  could  act  as  a 
blocking  agent. 

Morphine  has  been  recognized  as  a  potent  stimulus  of  ACTH  secretion 
since  the  experiments  of  ]MacKay  (1926)  demonstrated  adrenal  hyper¬ 
trophy  in  rats  following  chronic  administration  of  large  doses  of  the  drug. 
We  have  confirmed  that  morphine  can  stimulate  the  adrenal  cortex  by 
the  observation  that  a  reduction  in  adrenal  ascorbic  acid  concentration 
follow’S  injection  of  morphine  into  unanesthetized  rats.  It  was  thought 


208 


BRIGGS  AND  MUNSON 


Volume  57 


possible  that  tolerance  to  the  pituitary-stimulating  effect  of  morphine 
might  be  developed  without  loss  of  its  blocking  action.  Many  investi¬ 
gators  observed  that  administration  of  morphine  was  followed  by  hyper¬ 
glycemia  (Krueger,  Eddy,  and  Sumwalt,  1941).  As  the  injections  of 
morphine  were  continued,  however,  tolerance  to  the  hyperglycemic  effects 
of  morphine  developed  (Phatak  and  David,  1953),  just  as  it  does  to  certain 
other  effects  of  morphine. 

In  our  experiments  tolerance  was  induced  in  rats  by  four  daily  intra- 
peritoneal  injections  of  morphine  sulfate  (2  mg./lOO  gm.).  On  the  fifth 
day,  morphine  was  given  again,  without  prior  anesthesia,  and,  10  minutes 


No.  rats 

Treotment 

O. 

Erf 

Q. 

Morphine 
sulphate. i.p. 

mg. 

mg. 

6 

Saline,  0.2  ml.,  i.v. 

5 

0 

Histamine  dihydro* 

6 

chloride,  0.4  mg , i.v. 

5 

0 

II 

Saline,0.2ml.,i.v. 

4 

1 

Histamine  dihydro- 

chloride  ,0.4  mg,  i.v 

Mg.  Ascorbic  Acid  /  100  Gm.  Adrenal 

200  300  400 

r-A/T - 1 - 1 - 


Statistical  Significance:  B  vs  D,  P<  0.001 


Fig.  2.  The  effect  of  pretreatment  with  morphine  on  the  adrenal  ascorbic  acid  re¬ 
sponse  of  nonanesthetized  rats  to  histamine.  Groups  C  and  D  had  been  given  morphine 
sulfate  (2  mg.,  intraperitoneallj')  once  daily  for  four  days  immediately  prior  to  the 
experiment.  All  doses  were  administered  per  100  gm.  body  weight.  The  brackets  repre¬ 
sent  the  standard  errors. 

later,  either  saline  or  histamine  was  injected  intraperitoneally.  One  hour 
later,  the  rats  were  killed  and  the  adrenals  removed  for  analysis.  For 
comparison,  other  non-anesthetized  rats,  not  treated  with  morphine, 
were  injected  intraperitoneally  with  saline,  or  histamine,  and  their  adrenals 
removed  one  hour  later  and  analyzed. 

The  results  (Fig.  2)  show  that  morphine  can  block  the  response  to 
histamine  without  the  aid  of  pentobarbital  anesthesia  or  any  other  treat¬ 
ment,  provided  that  tolerance  to  morphine  has  been  developed  so  as  to 
obviate  its  own  obscuring  stimulant  effect. 

It  is  possible  that  the  wakeful  state  is  a  prerequisite  for  evoking  the 
anterior-pituitary  stimulant  action  of  morphine  observed  in  rats  in  which 
tolerance  has  not  developed,  and  that  the  influence  of  sodium  pentobar¬ 
bital  on  the  response  to  morphine  might  be  explained  on  the  basis  of  a 
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central  nervous  system  depressant  property  which  has  no  inhibitory  effect 
on  the  response  to  histamine  or  similar  stimuli. 

An  extended  dosage  range  of  histamine  was  tested  to  determine  whether 
or  not  the  blocking  action  of  morphine  could  be  overcome.  All  animals  were 
pretreated  with  4  mg.  of  sodium  pentobarbital  per  100  gm.  and  2  mg. 
of  morphine  sulfate  per  100  gm.  The  effects  of  histamine  dihydrochloride 
in  doses  ranging  from  0.1  mg./lOO  gm.  to  30  mg./lOO  gm.  were  measured. 
There  were  8-12  animals  in  each  group.  The  results  of  this  series  of  ex¬ 
periments  (Fig.  3)  showed  that  histamine  dihydrochloride  at  a  dose  of 


Fig.  3.  The  effect  of  pretreatment  with  morphine  sulfate  (2  mg./lOO  gm.)  on  the 
adrenal  ascorbic  acid  response  of  anesthetized  rats  to  increasing  doses  of  histamine. 
The  doses  of  sodium  pentobarbital  were  as  follows:  for  rats  treated  with  morphine, 
4  mg./lOO  gm.;  for  rats  not  treated  with  morphine,  5  mg./lOO  gm.  All  three  drugs  were 
administered  intraperitoneally.  Each  point  represents  the  mean  of  8-12  rats.  The 
vertical  lines  denote  the  standard  errors. 

3-10  mg./TOO  gm.  partially  overcame  the  blocking  effect  of  morphine,  and 
at  a  dose  of  30  mg./TOO  gm.  the  blocking  action  of  morphine  was  no  longer 
significant.  It  is  clear  from  this  experiment  that  the  blocking  action  of 
morphine  against  the  histamine  effect  is  not  complete  at  a  dosage  level 
of  2  mg.  of  morphine  sulfate  per  100  gm.  Due  to  the  respiratory  depression 
produced  by  pentobarbital  and  morphine  larger  doses  of  morphine  were 
not  tested. 

ACTH  Administration.  To  make  certain  that  the  site  of  the  blocking 
action  of  morphine  against  histamine  stimulation  was  not  directly  at  the 
adrenal  cortex,  the  adrenal  ascorbic  acid  response  of  rats,  treated  with 
both  morphine  and  ACTH,  was  examined. 
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Four  groups  of  rats,  hypophysectomized  24  hours  previously,  were 
anesthetized  with  sodium  pentobarbital.  Ten  minutes  later,  two  of  the 
groups  were  given  morphine,  and  after  another  10  minutes,  either  a  stand¬ 
ard  dose  of  U.S.P.  provisional  standard  ACTH,  or  saline,  was  injected 
intravenously  into  all  the  rats.  ACTH  was  administered  to  two  groups, 
one  of  which,  but  not  the  other,  had  been  pretreated  with  morphine. 
One  hour  later,  one  adrenal  was  removed  for  analysis.  The  results  (Fig.  4) 
show  that  morphine  does  not  interfere  significantly  with  the  normal  re¬ 
sponse  to  ACTH.  Presumably,  when  morphine  prevents  reduction  of 
adrenal  ascorbic  acid  in  response  to  either  histamine  or  other  stimuli,  it 
does  so  by  preventing  stimulation  of  the  pituitary  to  secrete  an  increased 


Fig.  4.  The  adrenal  ascorbic  acid  response  of  hypophysectomized  rats  to  ACTH, 
with  and  without  pretreatment  with  morphine.  All  doses  were  administered  per  100  gm. 
body  weight.  The  brackets  represent  the  standard  errors. 


amount  of  ACTH  and  not  by  rendering  the  adrenal  cortex  in.sensitive 
to  ACTH.  This  interpretation  is  in  harmony  with  that  of  Eisenman  ct  al. 
(1953,  1954),  who  found  the  response  of  human  subjects  to  ACTH  and 
to  chorionic  gonadotropin  unimpaired,  although  administration  of  mor¬ 
phine  markedly  reduced  the  normal  excretion  of  17-ketosteroids. 

Epinephrine.  The  question  remained  whether  or  not  the  blocking  action 
of  morphine  may  be  seen  against  stimuli  other  than  histamine,  /-epineph¬ 
rine  was  of  particular  interest  because  of  the  hypothesis  that  it  mediates 
the  respon.se  of  the  anterior  pituitary  to  other  stimuli  (Long  and  Fry,  1945). 

Rats  given  sodium  pentobarbital,  or  sodium  pentobarbital  and  mor¬ 
phine,  were  injected  subcutaneously  with  saline,  or  epinephrine,  as  indi¬ 
cated  in  Figure  5.  The  epinephrine  was  given  subcutaneously  rather  than 
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intravenously,  because  it  was  found  by  Gray  and  Alunson  (1951)  that  a 
sublethal  dose  of  epinephrine,  administered  intravenously  as  a  single 
injection,  does  not  stimulate  ACTH  secretion.  The  fall  in  adrenal  ascorbic 
acid  concentration  after  epinephrine  administration  to  rats,  not  pretreated 
with  morphine,  was  significant  although  there  was  considerable  variation. 
Pretreatment  with  morphine,  howev^er,  strongly  inhibited  the  response  to 
epinephrine,  and  the  adrenal  ascorbic  acid  concentration  in  this  group  was 
not  significantly  different  from  that  of  the  control  groups  not  given 
epinephrine. 

These  results  demonstrate  that  the  blocking  action  of  morphine  extends 
to  stimuli  other  than  histamine;  moreover,  they  add  strength  to  the  con- 
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Statistical  Significance  B  vs  D,  P<  0.01 


Fig.  5.  The  effect  of  pretreatment  with  morphine  on  tlie  adrenal  ascorbic  acid  response 
of  anesthetized  rats  to  /-epinephrine.  All  doses  were  administered  per  100  gm.  bodj' 
weight.  The  brackets  represent  the  standard  errors. 


cept  that  epinephrine  is  not  a  specific  stimulus  for  ACTH  secretion  by 
direct  action  upon  the  anterior  pituitary. 

Antidiuretic  hormone  (ADH).  Vasopressin  or  antidiuretic  hormone 
(ADH)  has  been  identified  in  certain  regions  of  the  hypothalamus  and  of 
the  pituitary  stalk,  as  well  as  in  the  posterior  pituitary  (Bargmann  and 
Scharrer,  1951).  It  has  been  suggested,  by  Rothballer  (1953),  Alartini  and 
Rouati  (1953),  Mirsky  et  at.  (1953),  and  by  McCann  and  Brobeck  (1954), 
that  this  substance,  which  is  capable  of  stimulating  ACTH  secretion,  may 
be  the  postulated  hormone  of  hypothalamic  origin  through  which  most  or 
all  other  stimuli  cause  hypersecretion  of  ACTH. 

A  commercial  preparation  of  ADH^  was  injected  intravenously  into 
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rats,  anesthetized  with  sodium  pentobarbital,  some  of  which  were  treated 
with  morphine.  The  results  (Fig.  6)  show  that  this  preparation  of  ADH, 
at  the  dosage  level  given,  was  an  effective  stimulus  of  ACTH  secretion  in 
the  absence  of  morphine,  and  that  this  action  was  markedly  inhibited  by 
morphine. 

Laparotomy.  The  blocking  effects  of  morphine  thus  far  considered  have 
been  against  relatively  mild  stimuli,  i.e.  histamine,  epinephrine,  and  ADH. 
In  order  to  examine  the  effect  of  pre treatment  with  morphine  on  more 
intense  stimuli,  a  standardized  surgical  procedure  involving  laparotomy 
was  tested.  A  midline  abdominal  incision,  approximately  2.5  cm.  in  length 
was  made  which  exposed  the  duodenum.  The  distal  one  cm.  segment  of  the 
bile  duct  was  then  exposed  and  freed  of  adherent  connective  tissue  by 


Statistical  Significance  B  vsD,P<  0,001 

Fig.  6.  The  effect  of  pretreatment  with  morphine  on  the  adrenal  ascorbic  acid  re¬ 
sponse  of  anesthetized  rats  to  vasopressin.  All  doses  were  administered  per  100  gm.  body 
weight.  The  brackets  represent  the  standard  errors. 


blunt  dissection.  The  duodenum  and  bile  duct  were  returned  to  the  ab¬ 
dominal  cavity,  and  the  incision  was  closed  with  cotton  suture.  The 
operation  took  about  2  minutes.  One  hour  after  the  operation  the  left 
adrenal  was  removed  and  analyzed  for  ascorbic  acid. 

The  control  rats  subjected  to  laparotomy  under  sodium  pentobarbital 
(5  mg./lOO  gm.),  were  carefully  selected  to  make  certain  that  they  were 
deeply  anesthetized.  Whenev^er  a  reflex  response  due  to  the  surgical  pro¬ 
cedure  occurred,  the  animal  was  discarded  from  the  experiment.  In  the 
operated  rats  under  pentobarbital  anesthesia  alone  the  adrenal  ascorbic 
acid  concentration  fell  almost  maximally.  Operated  rats,  pretreated  with 
morphine  sulfate,  1  mg./lOO  gm.,  were  partially  protected  against  the 
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stimulus,  and  were  completely  protected  when  the  dose  of  morphine  sulfate 
was  increased  to  2  mg. /1 00  gm.  (Fig.  7). 

The  results  demonstrate  that  morphine  in  moderate  doses  is  capable 
of  blocking  the  ACTH  response  to  an  intense  stimulus.  Massive  doses  of 
cortical  hormones  are  required  for  an  equivalent  effect  (Hodges,  1954). 
Furthermore,  the  blocking  effect  of  morphine  is  not  an  all-or-none  phe¬ 
nomenon  ;  rather,  there  is  a  quantitative  relationship  between  the  dose  of 
morphine  and  the  extent  of  its  blocking  action. 

Unilateral  Adrenalectomy.  In  order  to  determine  the  influence  of  mor¬ 
phine  on  the  pituitary  response  to  a  reduction  in  the  concentration  of 


Fig.  7.  Tlie  effect  of  pretreatment  with  morphine  on  the  adrenal  ascorbic  acid  re¬ 
sponse  of  anesthetized  rats  to  a  standardized  surgical  procedure  (bile  duct  dissection). 
All  doses  were  administered  per  100  gm.  body  weight.  The  brackets  represent  the 
standard  errors. 


adrenal  cortical  hormones  in  the  circulation,  considered  important  by 
Sayers  and  Sayers  (1948)  in  the  response  to  stress,  unilateral  adrenalec¬ 
tomy  \v'as  performed.  It  was  assumed  that  unilateral  adrenalectomy  would 
be  followed  promptly  by  a  fall  in  the  blood  concentration  of  cortical 
hormones,  because  the  hormones  continuously  lost  from  the  blood  through 
metabolism  and  excretion  would  be  replenished  more  slowly  by  one 
adrenal  gland  than  by  both.  Unilateral  rather  than  bilateral  adrenal¬ 
ectomy  was  performed  in  order  to  leave  one  adrenal  gland  available  for 
analysis  as  an  index  of  ACTH  secretion. 

The  left  adrenal  gland  was  removed  under  anesthesia  with  sodium 
pentobarbital  and  with  or  without  morphine.  The  time  intervals  were  as 
described  in  the  section  on  methods.  For  comparison  a  sham  operation 
was  carried  out,  since  both  the  incidental  surgery  and  the  removal  of  one- 


214 


BRIGGS  AND  MUNSON 


Volume  57 


half  the  source  of  cortical  hormone  secretion  were  expected  to  contribute 
to  the  intensity  of  stimulation  of  the  pituitary.  In  the  absence  of  morphine, 
both  procedures  produced  a  fall  in  adrenal  ascorbic  acid  concentration 
(Fig.  8).  However,  it  is  evident  that  the  sham  operation,  as  well  as  uni¬ 
lateral  adrenalectomy,  constituted  significantly  less  intense  stimuli  for 
ACTH  secretion  than  the  bile  duct  manipulation  described  above  (P  = 
0.001). 

Under  the  combined  central  nervous  system  depressant  effect  of  pento¬ 
barbital  and  morphine  neither  unilateral  adrenalectomy  nor  the  sham 
operation  induced  a  sufficient  hypersecretion  of  ACTH  to  cause  a  signifi¬ 
cant  fall  in  adrenal  ascorbic  acid  concentration  within  one  hour.  Although 
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Fig.  8.  The  effect  of  pretreatment  with  morphine  on  the  adrenal  ascorbic  acid 
response  of  anesthetized  rats  to  unilateral  adrenalectomy  and  to  a  sham  operation.  All 
doses  were  administeretl  per  100  gm.  body  weight.  The  brackets  represent  the  standard 
errors. 

the  possibility  has  not  been  eliminated  that  unilateral  adrenalectomy 
may  stimulate  ACTH  .secretion  more  effectively  after  a  longer  time  inter¬ 
val,  it  is  clear  that,  under  the  conditions  of  our  experiments,  the  acute 
effect  of  unilateral  adrenalectomy  on  ACTH  secretion  is  readily  blocked 
by  morphine. 


DISCUSSION 

The  ability  of  morphine  to  suppress  the  release  of  ACTH  is  in  accord 
with  the  results  and  conclusions  of  various  workers  who  studied  animals 
with  hypothalamic  lesions  (Harris,  1951;  Hume,  1952;  Porter,  1953; 
Laquer,  ct  al.,  1953;  McCann,  1953).  They  found  that  interruption  of 
central  nervous  activity  at  the  hypothalamic  level  renders  the  pituitary- 
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adrenal  cortical  system  unresponsive  to  stimuli  which  ordinarily  lead  to  in¬ 
creased  secretion  of  ACTH.  However,  an  alternative  interpretation  of  the 
experiments  in  animals  with  hypothalamic  lesions  is  that  lesions  are  effect¬ 
ive  because  they  interrupt,  or  interfere  with,  the  portal  blood  supply  to  the 
pituitary.  This  possibility  must  be  considered,  for  stalk  section  renders  the 
pituitary-adrenal  system  unresponsive  when  restoration  of  the  portal  blood 
supply  is  prevented  (Harris,  1950).  Hypothalamic  lesions  do  not  usually  re¬ 
main  effective  for  more  than  six  months  (Hume,  1954),  suggesting  that 
normal  function  returns  as  vascular  regeneration  occurs.  The  experiments 
in  the  morphine-treated  animal  show  that  depression  of  the  central  nervous 
system  is  sufficient  to  prevent  the  increased  secretion  of  ACTH.  Further¬ 
more,  they  demonstrate  that  interruption  of  the  portal  blood  supply  is  not 
necessary  to  inactivate  the  pituitary-adrenal  system,  for  morphine  has  no 
significant  vascular  effects  (Krueger,  et  ah,  1941).  The  experiments  do  not 
shed  light  on  the  question  as  to  whether  the  effectiveness  of  lesions  is  due  to 
neural  or  vascular  changes.  Presumably,  the  effectiveness  of  lesions  in  some 
areas  can  be  explained  on  the  basis  of  a  destruction  of  nervous  tissue,  while 
in  others  interference  with  the  hypophyseo-portal  system  may  be  re¬ 
sponsible.  There  is  no  evidence  that  the  hypothalamus  is  the  site  of  action 
of  morphine.  There  is  no  doubt,  however,  that  the  regulation  of  ACTH 
secretion  involves,  at  some  level,  a  morphine-sensitive  step. 

A  direct  depressant  effect  of  morphine  on  the  anterior  pituitary  does  not 
appear  likely,  for  chronic  morphine  administration  does  not  lead  to  adrenal 
atrophy ;  on  the  contrary,  it  usually  leads  to  adrenal  hypertrophy  (Phatak 
and  David,  1953).  Since  histamine  in  large  doses  is  still  capable  of  causing 
the  release  of  ACTH,  the  gland  is  not  exhausted.  Finally,  gonadotropin  se¬ 
cretion  (Barraclough  and  Sawyer,  1954)  and  ACTH  secretion  (Eisenman, 
el  al.,  1953)  are  the  only  pituitary  functions  known  to  be  depressed  by 
morphine,  suggesting  that  morphine  does  not  interfere  indiscriminately 
with  the  function  of  the  adenohypophysis. 

Harris  and  Jacobsohn  (1952)  have  postulated  that  the  stimulation  of  the 
anterior  pituitary  is  mediated  by  a  hormone  of  hypothalamic  origin.  In 
relating  our  own  results  to  this  concept  it  is  considered  that  stimuli  which 
act  through  the  hypothalamus  and  not  directly  on  the  anterior  lobe  should 
be  blocked  partially,  or  completely,  by  morphine  while  stimuli  which  act 
directly  on  the  anterior  pituitary  should  not  be  blocked  by  morphine. 
A  variety  of  stimuli,  histamine,  epinephrine,  vasopressin  (ADH),  lapa¬ 
rotomy,  and  unilateral  adrenalectomy  were  studied,  and  the  acute  effect, 
at  least,  of  each  was  found  susceptible  to  the  blocking  action  of  morphine. 
Presumably,  therefore,  none  of  these  stimuli,  or  their  immediate  physio¬ 
logical  consequences,  affect  the  anterior  pituitary  directly.  Rather,  their 
effectiveness  as  stimuli  must  depend  on  the  hypothalamus.  Thus  we  inter¬ 
pret  our  results  to  mean  that  the  postulated  hypothalamic  hormone  cannot 
be  histamine,  epinephrine,  or  vasopressin. 
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In  apparent  contradiction  to  these  conclusions  are  the  recent  observa¬ 
tions  by  jMcCann  and  Brobeck  (1954)  that  a  commercial  preparation  of 
ADH^  caused  release  of  ACTH  in  rats  with  hypothalamic  lesions.  However, 
the  amount  of  the  ADH  preparation  required  for  consistent  effects  was 
approximately  25  times  as  large  as  that  which  we  have  found  adequate  for 
stimulation  of  ACTH  secretion  in  the  intact  rat,  and  it  is  possible  that  the 
large  dose  used  in  the  rats  with  lesions  acted  directly  on  the  anterior 
pituitary  in  a  toxic  manner. 

Brief  reference  has  already  been  made  to  the  bearing  of  the  present 
experiments  on  two  other  hypotheses  concerning  the  mechanism  of 
stimulation  of  the  secretion  of  ACTH.  The  finding  that  injected  epineph¬ 
rine  does  not  stimulate  ACTH  secretion  in  morphine  treated  rats  is  con¬ 
trary  to  the  hypothesis  of  Long  and  Fry  (1945)  that  epinephrine  se¬ 
creted  by  the  adrenal  medulla  may  be  the  common  mediator  between 
stressful  stimuli  in  general  and  the  anterior  pituitary.  The  hypothesis, 
advocated  by  Sayers  and  Sayers  (1948),  that  stressful  stimuli  caused  the 
pituitary  to  increase  the  rate  of  secretion  of  ACTH  by  producing  a  re¬ 
duction  in  the  concentration  of  adrenal  cortical  hormones  in  the  circula¬ 
tion,  is  not  supported  by  the  demonstration  that  morphine  can  block  the 
effect  of  unilateral  adrenalectomy  on  the  pituitary. 

It  is  plausible,  as  Fortier  (1951)  proposed,  that  ACTH  secretion  may  be 
stimulated  by  more  than  one  mechanism  depending  on  the  nature  of  the 
stimulus.  The  principal  basis  for  Fortier’s  hypothesis  is  that  certain  stimuli, 
referred  to  as  neurotropic,  were  ineffective  in  hypophysectomized  rats  with 
functional  ocular  transplants  of  anterior  pituitary  tissue,  while  others, 
called  systemic  stimuli,  directly  affected  the  transplanted  pituitary. 
Among  the  effective  “systemic”  stimuli  tested  by  Fortier  were  1-epineph¬ 
rine  and  histamine,  whose  actions  were  found  in  the  pre.sent  investiga¬ 
tion  to  be  blocked  by  morphine  in  intact  rats.  It  is  possible  that  the  ocu¬ 
lar  transplant  is  effectively  stimulated  by  hypothalamic  hormone  in  the 
general  circulation  (Hume,  1954),  or  that  morphine  inhibits  ACTH 
secretion  by  direct  action  on  the  anterior  pituitary.  Neither  of  these 
alternatives  is  convincing  and  additional  experiments  are  needed  to  clarify 
the  issue. 

The  current  status  of  the  four  hypotheses  just  discussed  (Harris,  1952; 
Long  and  Fry,  1945;  Sayers  and  Sayers,  1948;  Fortier,  1951)  has  recently 
been  reviewed  more  extensively  elsewhere  (Munson  and  Briggs,  1955). 

The  apparent  paradox  that  morphine  can  stimulate,  as  well  as  depress, 
the  release  of  ACTH  deserves  consideration.  Rats  given  morphine  are 
reported  to  pass  through  a  phase  of  excitation  followed  by  a  phase  of  de¬ 
pression  (Krueger,  et  al.,  1941).  The  fact  that  under  pentobarbital  anes¬ 
thesia  the  stimulant  effects  of  morphine  are  lost  suggests  that  they  are  de¬ 
pendent  on  sensory  impulses.  The  central  nervous  system  depressant  prop¬ 
erty  of  morphine  itself  presumably  fails  to  interfere  with  its  stimulant  ac- 
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tion  because  the  latter  occurs  first.  This  conclusion  is  supported  by  the 
work  of  Watts  (1951)  who  showed  that  the  hyperglycemia  produced  by 
morphine,  known  to  be  dependent  upon  the  integrity  of  the  function  of  the 
autonomic  nervous  system,  is  prevented  by  antecedent  administration  of 
pentobarbital. 

The  use  of  two  drugs  which  are  individually  capable  of  producing 
respiratory  depression  and  which,  administered  together,  may  be  additive 
in  this  regard  raises  questions  of  toxicity.  Although  the  largest  dose  of 
morphine  sulfate  in  the  present  experiments  (2  mg./lOO  gm.)  is  small 
relative  to  the  LDso  (23.7  mg./ 100  gm.,  intravenously)  (Haag,  et  al.,  1947), 
the  usual  dose  of  sodium  pentobarbital  (4  mg. /1 00  gm.)  is  much  nearer 
its  LDso,  (7.5  mg./lOO  gm.)  (Fitch  and  Tatum,  1932),  and  the  combination 
of  the  two  drugs  at  these  dosage  levels  killed  about  15%  of  the  rats.  Thus, 
there  is  a  limit  to  the  amount  of  morphine  which  can  be  tested  under  these 
circumstances.  It  may  be  feasible,  however,  to  test  the  blocking  effects  of 
morphine  at  higher  dosage  levels  in  unanesthetized  rats  conditioned  to 
morphine  by  daily  administration  as  described  in  one  of  the  series  of  experi¬ 
ments  reported  above.  The  problem  of  toxicity  became  even  more  impor¬ 
tant  when  attempts  were  made  to  test  other  analgesic  agents  such  as 
methadone  and  meperidine.  In  preliminary  experiments  wdth  meperidine, 
at  the  highest  dosage  levels  which  permitted  survival  of  rats  previously 
anesthetized  with  sodium  pentobarbital,  no  significant  blocking  action 
against  histamine  could  be  detected.  IMethadone,  however,  exhibited  sig¬ 
nificant  blocking  ability.  In  rats  made  tolerant  to  meperidine  some 
blocking  effect  at  higher  dose  levels  might  possibly  be  revealed,  but,  as 
yet,  this  has  not  been  investigated. 

Morphine  might  be  employed  as  a  substitute  for  hypophysectomy  in  the 
biological  assay  of  ACTH  and  in  the  detection  and  quantitative  assay  of 
the  postulated  hypothalamic  neurohormone.  In  the  former,  it  might  be  of 
use  because  it  is  capable  of  preventing  the  stimulation  of  the  pituitary 
by  agents  of  nonspecific  nature  while  permitting  ACTH  to  stimulate  the 
adrenal.  The  assay  of  the  neurohormone  should  also  be  feasible,  since 
morphine,  while  blocking  miscellaneous  agents,  should  not  inhibit  the 
response  of  the  pituitary  to  the  hypothalamic  hormone. 

SUMMARY 

The  effect  of  morphine  on  ACTH  secretion  in  response  to  a  number  of 
stressful  stimuli  has  been  determined  in  rats  anesthetized  with  sodium 
pentobarbital.  When  such  rats  were  given  morphine  none  of  the  stimuli 
tested,  e.g.,  administration  of  histamine,  epinephrine,  or  vasopressin, 
laparotomy,  or  unilateral  adrenalectomy,  resulted  in  an  increased  rate  of 
secretion  of  ACTH,  although  the  stimuli  were  effective  in  anesthetized 
control  rats.  Ten  times  the  minimal  effective  dose  of  histamine  for  control 
rats  was  required  in  order  to  produce  a  significant  fall  in  adrenal  ascorbic 
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acid  concentration  in  rats  treated  with  morphine.  Observations  on  unan¬ 
esthetized  rats,  conditioned  by  four  daily  injections,  demonstrated  that 
morphine  alone,  i.e.,  without  sodium  pentobarbital,  was  capable  of 
inhibiting  the  response  of  the  anterior  pituitary  to  the  usual  effect  of 
histamine.  Irrespective  of  whether  they  had  been  pretreated  with  morphine 
or  not,  there  was  no  significant  difference  in  the  adrenal  ascorbic  acid 
response  of  hypophysectomized  rats  anesthetized  with  sodium  pentobar¬ 
bital  to  a  standard  dose  of  ACTH.  This  clearly  demonstrates  that  mor¬ 
phine  does  not  interfere  directly  with  the  respon.se  of  the  adrenal  cortex 
to  ACTH. 

It  is  concluded  that  the  acute  effect  of  stressful  stimuli  on  the  rate  of 
ACTH  secretion  is  not  mediated  by  a  decrea.se  in  the  concentration  of 
circulating  adrenal  cortical  hormones  or  by  histamine,  epinephrine,  or 
vasopre.ssin  acting  directly  upon  the  anterior  pituitary.  Rather,  the  results 
are  interpreted  in  support  of  the  hypothesis  that  the  hypothalamus  is  an 
e.s.sential  component  of  the  mechanism  of  acute  stimulation  of  ACTH 
secretion.  A  method  utilizing  morphine-treated  rats  has  been  suggested  for 
the  detection  and  biological  assay  of  the  postulated  hypothalamic  neuro¬ 
hormone,  and  evidence  that  the  hormone  is  not  histamine,  epinephrine,  or 
vasopressin  has  been  presented. 
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MAINTENANCE  OF  ADRENALECTOMIZED  DOGS  WITH 
9  ALPHA  HALO  ADRENAL  AND  OTHER  STEROIDS'-^ 


W.  W.  SWINGLE,  CARLETON  BAKER,  MILTON  EISLER, 

S.  J.  LeBRIE  and  LEO  BRANNICK 

Section  of  Physiology,  Biological  Laboratory,  Princeton  University,  Princeton, 

New  Jersey 

The  9  alpha  halogenated  adrenal  steroids  such  as  cortisone,  hydro¬ 
cortisone,  corticosterone  and  certain  derivatives  of  progesterone 
originally  prepared  by  Fried  et  al.  (1953,  1954,  1955a,  1955b),  constitute 
a  remarkable  group  of  physiologically  active  compounds.  They  are  unique 
in  that  some  of  them  display  potencies  considerably  in  excess  of  the 
naturally  occurring  parent  steroids  both  as  to  glucocorticoid  and  miner- 
alocorticoid  activity.  The  surprising  feature  of  these  9a-halo  corticoids 
consists  primarily  of  the  fact  that  substitution  of  a  halogen  atom  at  the  9 
alpha  position  should  so  greatly  enhance  their  potency  both  as  to  liver 
glycogen  deposition  and  sodium  retention  (Fried  et  al.,  1953,  1954,  1955a, 
1955b). 

Through  the  cortesty  of  Dr.  J.  Fried  of  the  Squibb  Institute  for  Medical 
Research,  New  Brunswick,  New  Jersey,  the  writers  obtained  sufficient  of 
these  modified  steroids  for  testing  their  life-maintaining  and  mineralo- 
corticoid  activity  in  adrenalectomized  dogs. 

Few  investigations  have  appeared  to  date  dealing  with  the  new  com¬ 
pounds.  Borman,  Singer  and  Numerof  (1954)  studied  9  alpha  halogenated 
cortisone  and  hydrocortisone  and  reported  that  chlorohydrocortisone 
acetate  (hereafter  referred  to  as  chloro-F-acetate)  was  10-20  times  more 
effective  than  DOC  in  stimulating  growth  and  survival  of  adrenalecto¬ 
mized  rats.  In  Na-retention  tests  it  proved  to  be  10.8  times  more  potent 
than  DCA  and  was  more  potent  than  either  cortisone  or  hydrocortisone  in 
promoting  the  deposition  of  liver  glycogen. 

Leathern  and  Wolf  (1954)  reporting  on  the  life-maintaining  action  of 
chloro-F-acetate  in  adrenalectomized  rats,  found  it  to  be  10  times  more 
active  than  cortisone  acetate  and  approximately  equal  to  DCA. 

Received  March  12,  1955. 
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Goldfein  et  al.  (1954),  compared  the  potency  of  the  chloro-F-acetate 
with  unmodified  cortisone  in  a  variety  of  metabolic  and  clinical  studies  in 
both  Addisonian  and  non-Addisonian  patients.  Qualitatively  the  effects  of 
the  two  compounds  were  the  same,  but  quantitatively  the  chloro-F-acetate 
proved  to  be  much  more  active  in  tests  involving  circulating  eosinophils 
and  the  renal  excretion  of  Na,  K,  Cl  and  uric  acid.  Only  small  doses  were 
required  to  maintain  the  Addison’s  disease  patient. 

Liddle,  Pechet  and  Bartter  (1954)  also  reported  on  the  use  of  several  of 
the  halogenated  adrenal  steroids,  using  both  Addisonians  and  adrenalec- 
tomized  dogs.  They  found  that  the  9  alpha  fluorohydrocortisone  acetate 
(fluoro-F-acetate)  exhibited  much  more  activity  than  DOC  in  Na-retention 
when  given  in  equimolar  doses  and  was  more  potent  in  this  respect  than 
the  chloro-F-acetate. 

Callow  et  al.  (1954)  found  that  chloro-F-acetate  exhibited  greater  activ¬ 
ity  than  cortisone  in  inhibiting  growth  in  mice  and  in  causing  thymus  invo¬ 
lution  and  liver  hypertrophy  in  rats. 

The  writers  in  a  brief  note  (Swingle  et  al.,  1955)  compared  the  physio¬ 
logical  activity  of  sev’eral  of  the  9  alpha  halogenated  compounds  with 
aldosterone  and  DOC. 


METHODS 

Adrenalectomized  dogs  were  used  as  test  animals;  their  glands  had  been  removed  for 
long  periods  (2-5  years)  and  they  had  been  through  numerous  cycles  of  adrenal  insuffi¬ 
ciency  and  recovery  during  various  experimental  procedures  and  tests  of  the  efficacy  of 
certain  types  of  substitution  therapy.  In  the  periods  between  experiments  the  dogs  were 
maintained  active  and  vigorous  by  injection  of  an  oil  solution  of  0.5  mg.  DCA  once  daily. 
During  experimental  periods  the  diet  was  controlled  and  the  total  daily  intake  of  Na 
and  K,  including  that  in  the  food  and  water,  totaled  1.47  gm.  of  Na  and  0.94  gm.  of  K. 

The  dogs  were  maintained  at  each  dose  level  for  10  days  and  at  the  end  of  this  interval 
ths  blood  pressure  and  blood  samples  were  taken  and  the  daily  dose  lowered  by  50%. 
Tills  procedure  was  followed  until  the  dose  level  was  sufficiently  low  for  symptoms  of 
adrenal  insufficiency  to  make  their  appearance.  The  animals  were  restored  to  health 
and  vigor  by  adequate  replacement  therapy  with  the  water  soluble  glucoside  of  DOC 
and  cortisone.  The  nature  of  the  restorative  treatment  depended  upon  the  severity  of 
the  symptoms  displayed. 

The  serum  Na  and  K  determinations  were  made  with  the  Perkin-Elmer  flame  pho¬ 
tometer  (Model  52C).  Other  methods  employed,  e.g.  those  for  blood  pressure,  urea 
nitrogen,  etc.,  have  been  referred  to  in  earlier  papers  (Swingle  et  al.,  1952). 

The  tests  involved  use  of  the  following  compounds:  9  alpha  chloro-  and  fluorohydro¬ 
cortisone  acetates,  fluorocorticosterone  acetate  and  the  progesterone  derivatives  9a- 
fluoro-1 1/3-hydroxyprogesterone  and  9a-fluoro-ll/3,17a-dihydroxyprogesterone.  In 
addition,  the  free  alcohols  of  fluorohydrocortisone  and  fluorocorticosterone  were  studied 
for  their  effect  upon  blood  pressure  and  water  balance. 

The  chloro-F-acetate  and  fluoro-F-acetate  were  dissolved  in  warm  95%  ethanol;  this 
solution  was  then  diluted  dropwise  to  a  30%  solution.  The  concentration  of  the  soluble 
steroids  was  55/xg./0.33  cc.  This  solution  was  kept  as  stock  and  the  daily  dosage  removed 
and  diluted  to  10%  alcohol  in  the  syringe.  In  the  case  of  fluorocorticosterone  acetate 
and  the  two  9  alpha  fluoroderivatives  of  progesterone,  it  w^as  observed  that  these  com- 
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pounds  were  not  stable  in  30%  ethanol  but  did  remain  in  solution  at  95%  concentrations 
of  alcohol.  This  was  used  as  stock  and  the  compounds  prepared  as  solutions  containing 
55  /zg./0.15  cc.  and  150  /;tg./0.15  cc.  respectively.  The  daily  dose  was  removed  from  the 
stock  solution  and  diluted  in  the  syringe  to  15%  ethanol  before  administering  it  intra¬ 
muscularly.  The  daily  injections  were  given  in  divided  doses  half  at  9  a.m.  and  the  re¬ 
mainder  at  4  p.M. 

In  all  of  the  tests,  the  minimum  maintenance  dose  level  (MMD)  was  determined  for 
each  compound  and  for  each  dog  and  also  the  dose  level  at  which  each  animal  developed 
symptoms  of  insufficiency.  This  latter  determination  was  ternled  the  failing  dose.  The 
MMD  was  considered  to  be  the  daily  amount  required  to  keep  the  dogs  symptom-free  and  the 
blood  constituents  and  blood  pressure,  little,  if  any,  changed  from  their  normal  values.  This 
criterion  for  establishing  the  MMD  has  been  strictly  adhered  to  in  all  tests  subsequently 
referred  to  in  this  study. 

The  failing  dose  established  for  each  of  the  steroids  was  by  no  means  identical  with 
that  for  the  !MMD,  since  in  most  of  the  experiments  the  dev^elopment  of  gross  symptoms 
of  adrenal  insufficiency  involved  a  slow  but  progressive  deterioration  lasting  10-20  days 
after  the  MMD  level  had  been  reached.  This  is  obvious  from  examination  of  the  data 
recorded  in  the  various  tables. 

1.  9  Alpha  Chlorohydrocortisone  Acetate 

Five  dogs  were  used  for  testing  this  steroid  and  the  pertinent  data  on 
four  of  them  are  given  in  Table  1.  The  dose  level  that  sufficed  to  maintain 
three  of  the  dogs  was  llO/ig./  dog /day  whereas  the  remaining  two  got  along 
very  well  on  55  jug-/day  which  is  17-70  pg.  less  per  day  than  the  lowest 
maintenance  dose  level  reported  for  DCA  in  adrenalectomized  dogs 
(125  Mg*/dog/day,  Swingle  et  al.,  1954b).  The  failing  dose  level  was  13.75 
pg.  for  three  dogs  and  27,5  pg.  for  the  other  two.  The  tests  were  discon¬ 
tinued  before  the  animals  developed  severe  symptoms  of  adrenal  insuffi¬ 
ciency.  Three  of  the  dogs  had  low  normal  mean  arterial  pressures  at  the 
start  of  the  experiment.  This  mild  hypotension  is  not  uncommon  in 
healthy,  vigorous  adrenalectomized  dogs  and  may  persist  indefinitely 
under  any  type  of  substitution  therapy. 

2.  9  Alpha  Fluorohydrocortisone 

Borman,  Singer  and  Numerof  (1954),  in  a  brief  report  on  the  enhance¬ 
ment  of  the  physiological  activity  of  adrenal  glucocorticoids  by  substi¬ 
tution  of  various  halogens  at  the  9  alpha  position,  stated  that  the  fluoro- 
F-acetate  was  less  potent  for  life  maintenance  and  sodium  retention  in 
adrenalectomized  rats  than  chloro-F-acetate.  However,  the  data  in  Table  1 
demonstrated  the  MMD  of  the  compound  for  the  adrenalectomized  dog  is 
much  lower  (27.5  pg.  as  compared  with  55-1 10  pg.)  for  the  fluoro-F-acetate 
than  it  is  for  the  chloro-F-acetate, 

Three  dogs  were  tested  on  fluoro-F-acetate  and  the  MMD  for  all  of  them 
was  27.5  jug./dog/day.  The  failing  dose  level  was  found  to  be  much  lower 
i.e.,  6.87  Mg-  day.  One  dog  (No.  7)  succumbed  during  the  night  while 
receiving  this  amount,  but  lived  approximately  7  days  on  the  low  dose. 
In  all  probability  death  was  due  to  a  rapidly  developing  potassium  intoxi- 
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Table  1.  Maintenance  of  the  adrenalectomized  dog  with  9a-HALo  adrenal 

STEROIDS 


Dog 

No. 

Do«e 
dog /day 
micro¬ 
grams 

Exper. 

period, 

days 

Wt.. 

kg. 

B.P.. 

mm.Hg 

Blood 
urea  N, 
nig.% 

Hb, 

gm.% 

Hmct., 

% 

R.B.C. 

106/ 

cu.mm. 

Blood 

sugar, 

mg.% 

Serum 

Na, 

m.eq./L 

Serum 

Cl 

m.eq./L 

Serum 

K, 

m.eq./L 

9a-ChlorohydrocortisoDe  acetate 

Initial 

14.29 

90 

25.1 

13.33 

30.8 

6.25 

82.5 

142.0 

113.1 

5.11 

tio.oo 

10 

14.06 

90 

20.3 

13.05 

36.2 

5.63 

78.5 

142.0 

108.9 

4.71 

I 

55.00 

10 

14.06 

86 

27.3 

16.23 

40.0 

6.03 

78.0 

138.5 

103.9 

5.85 

27.50 

10 

14.17 

74 

49.6 

16.01 

41.4 

6.74 

76.0 

127.5 

100.0 

8.45 

13.75 

3 

14.29 

75 

68.0 

15.60 

39.8 

6.43 

77.5 

126.5 

100.0 

9.64 

Initial 

12.25 

94 

24.1 

13.61 

33.1 

5.42 

81.5 

141.5 

115.2 

4.95 

110.00 

10 

12.02 

97 

20.0 

11.71 

32.5 

6.09 

86.0 

144.0 

112.4 

4.94 

2 

66. CO 

10 

11.79 

103 

19.6 

16.23 

43.3 

7.39 

88.0 

141.0 

110.0 

5.13 

27.50 

10 

11.34 

75 

56.6 

17.81 

40.4 

6.53 

80.0 

129.0 

105.3 

7.90 

Initial 

14.51 

91 

20.7 

13.05 

27.8 

5.00 

72.0 

142.5 

114.0 

4.87 

110.00 

10 

14.51 

96 

22.3 

11.71 

29.8 

5.04 

77.5 

143.5 

113.5 

4.87 

3 

55.00 

10 

13.95 

82 

36.4 

12.05 

31.0 

5.14 

82.5 

144.5 

114.1 

4.62 

27.50 

10 

13.61 

66 

31.5 

17.36 

35.4 

6.18 

76.0 

129.5 

108.0 

6.24 

Initial 

16.56 

110 

23.3 

11.71 

32.5 

5.42 

90.0 

144.0 

116.0 

4.79 

110.00 

10 

16.56 

100 

23.1 

11.94 

34.9 

6.79 

87.0 

142.0 

111.1 

4.71 

4 

66.00 

10 

16.44 

102 

25.0 

12.51 

38.8 

7.07 

84.0 

145.0 

111.4 

5.28 

27.50 

10 

15.76 

83 

45.4 

19.24 

41.5 

7.21 

82.0 

134.5 

107.0 

7.78 

13.75 

8 

15.65 

66 

87.0 

20.14 

45.6 

7.42 

83.0 

133.0 

108.0 

9.94 

Oa-Fluorohydrocortisone  acetate 

Initial 

14.74 

108 

15.3 

11.00 

32.2 

6.05 

81.0 

144.5 

112.8 

4.49 

110.00 

10 

14.62 

no 

18.4 

11.10 

32.7 

5.96 

83.0 

144.0 

112.8 

4.46 

55.00 

10 

14.85 

109 

17.9 

11.59 

33.0 

6.19 

84.0 

145.0 

114.0 

4.64 

5 

tl  .60 

10 

14.51 

105 

19.0 

12.91 

33.8 

6.55 

80.0 

140.0 

108.6 

4.71 

13.75 

10 

14.51 

91 

22.2 

15.60 

38.6 

7.61 

80.0 

137.0 

106.0 

5.30 

6.87 

9 

14.85 

70 

33.1 

15.43 

41.9 

7.76 

81.0 

120.5 

96.8 

7.15 

Initial 

17.12 

120 

18.5 

10.52 

29.8 

5.54 

84.0 

145.0 

112.4 

4.71 

110.00 

10 

17.01 

120 

20.4 

11.94 

29.9 

5.74 

80.5 

144.5 

115.0 

5.20 

6 

55.00 

10 

16.89 

118 

20.9 

11.94 

31.3 

5.93 

82.0 

143.5 

110.8 

5.20 

*7.50 

10 

16.56 

120 

23.1 

12.40 

30.8 

6.24 

84.5 

139.0 

109.7 

5.30 

13.75 

10 

16.68 

107 

27.6 

13.75 

34.4 

7.02 

79.5 

130.5 

101.9 

6.76 

6.87 

9 

17.24 

69 

43.0 

14.03 

39.1 

7.52 

83.0 

121.0 

98.4 

7.41 

Initial 

19.54 

120 

22.8 

9.79 

27.5 

5.77 

81.5 

145.5 

116.0 

4.23 

110.00 

10 

18.63 

120 

21.5 

10.28 

30.7 

5.95 

80.0 

144.5 

114.2 

4.62 

55.00 

10 

18.97 

117 

19.7 

11.48 

32.4 

6.05 

83.5 

144.0 

115.4 

4.64 

7 

i7.60 

10 

18.63 

120 

20.1 

12.17 

33.0 

6.45 

81.5 

143.0 

110.8 

5.20 

13.75 

10 

18.40 

97 

30.5 

14.90 

45.6 

7.38 

78.5 

140.5 

111.0 

6.98 

6.87 

7 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

9a-FIuorohydrocorti8one  (overdosage) 

Initial 

13.72 

116 

21.0 

11.00 

33.3 

4.51 

82.5 

146.0 

118.0 

4.47 

42* 

7 

13.26 

101 

12.5 

12.91 

31.5 

4.37 

85.0 

145.5 

104.3 

2.60 

8 

42* 

3 

12.59 

127 

9.2 

11.71 

32.3 

4.36 

85.0 

158.8 

111.0 

3.16 

42* 

4 

12.93 

122 

8.5 

12.28 

32.8 

4.50 

85.0 

149.5 

111.4 

3.40 

0 

7 

12.48 

98 

14.0 

15.43 

46.3 

5.44 

76.0 

147.5 

112.8 

6.07 

0 

8 

12.25 

68 

33.9 

17.59 

44.8 

5.72 

73.5 

140.0 

106.6 

7.25 

*  Milligrams. 

t  No  sample  taken.  Dog  died  at  end  of  7  days. 


cation,  since  his  serum  K  registered  6,98  m.eq./L.  one  week  earlier  and 
undoubtedly  continued  to  rise  during  the  ensuing  period. 

3.  Overdosage  Effects  of  9  Alpha  Fluorohydrocortisone 

Sufficient  fluoro-F  (free  alcohol)  was  available  to  study  the  effects 
induced  by  overdosage  in  two  adrenalectomized  dogs.  It  is  well  known  that 
prolonged  treatment  with  large  amounts  of  cortisone  induces  a  diabetes- 
insipidus-like  syndrome  (Winter,  1952;  Sirek  and  Best,  1952;  Swingle 
et  al.,  1953),  hence  it  was  considered  of  interest  to  compare  the  effects  of 
the  fluoro-F  compound  upon  water  and  electrolyte  excretion  with  that 
induced  by  the  unmodified  cortisone.  The  halogenated  steroid  was  admin¬ 
istered  orally  at  a  dose  level  of  3  mg./kg.  (or  a  total  of  42  mg.)  once  daily 
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for  14  consecutive  days.  Since  it  was  not  possible  to  solubilize  such  a  large 
amount  of  the  steroid  for  parenteral  injection,  the  crystals  were  placed 
inside  a  small  meat  ball  which  the  dogs  swallowed  whole. 

The  daily  urine  volume  of  one  animal  averaged  between  350^00  cc. 
per  24  hours,  during  the  control  foreperiod.  However,  following  administra¬ 
tion  of  the  fluoro-F,  a  marked  polyuria  and  polydipsia  soon  appeared.  The 
daily  intake  of  water  and  output  of  urine  increased  many  times  over  that 
of  the  control  foreperiod  (Figure  1).  The  maximum  urine  volume  for  any 
one  day  was  7150  cc.;  however,  the  average  daily  volume  was  4786  cc.  and 
the  average  water  intake  was  4865  cc.  The  second  dog  used  in  the  experi- 

cc 


Fig.  1.  A  diabetes-insipid us-like  syndrome  induced  by 
9  a-fluoroh}’drocortisone 


ment  responded  to  the  steroid  in  similar  manner.  His  average  daily  urine 
volume  was  3161  cc.  of  urine  and  he  ingested  3415  cc.  of  water.  One  of  the 
dogs  developed  gross  edema  which  was  strikingly  evident  in  the  lower 
third  of  the  hind  legs  and  also  in  the  scrotum  which  was  greatly  enlarged. 

During  the  period  of  the  most  marked  disturbance  of  the  water  balance, 
both  animals  exhibited  repeated  attacks  of  muscle  tremors  resembling 
tetany.  These  attacks  appeared  to  be  associated  with  low  values  for  the 
serum  potassium.  This  phenomenon  seems  to  be  similar  to  that  reported 
by  Kuhlman  el  al.  (1939)  after  administering  large  doses  of  DCA.  The 
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disappearance  of  the  edema  and  tetany  coincided  with  subsidence  of  the 
polyuria  and  polydipsia  following  cessation  of  treatment. 

The  renal  electrolyte  excretion  pattern  showed  alteration  during  the 
fluoro-F  treatment.  The  K  excretion  increased  during  the  14-day  period  in 
one  dog  but  less  so  in  the  other;  however,  the  Na  and  Cl  elimination  was 
considerably  elevated  above  that  observed  during  the  control  period.  The 
excretion  of  both  electrolytes  followed  an  erratic  course  in  that  a  steadily 
increased  elimination  did  not  occur,  but  instead  the  amount  excreted 
varied  from  day  to  day.  Considering  the  injection  period  as  a  whole,  the 
daily  Na  and  Cl  excretion  was  considerably  in  excess  of  that  during  the 
control  period. 

The  significant  alterations  in  serum  electrolytes,  blood  pressure  and 
blood  urea  nitrogen  of  one  dog  (No.  8)  are  presented  in  Table  1.  Steroid 
therapy  was  withdrawn  at  the  end  of  14  days  and  the  animal  was  permitted 
to  develop  adrenal  insufficiency.  Several  significant  changes  took  place 
during  the  period  of  overdosage  with  the  compound:  the  arterial  pressure 
increased,  the  blood  urea  nitrogen  decreased,  and  the  decline  was  asso¬ 
ciated  with  the  greatest  disturbance  of  the  water  balance.  The  serum  Na 
rose  from  146  to  158.8  m.eq./ L  in  one  animal  and  from  146.8  to  162.5 
m.eq./  L  in  the  other.  Changes  in  serum  Cl  were  less  marked  but  the  serum  K 
showed  a  sharp  decline  and  remained  low  during  the  period  of  treatment. 

Following  withdrawal  of  the  steroid  the  typical  changes  characteristic  of 
adrenal  insufficiency  developed.  The  mean  arterial  pressure  declined,  the 
blood  urea  nitrogen  rose,  hemoconcentration  became  evident  and  the 
serum  K  slowly  increased.  However,  the  serum  Na  remained  within  the 
normal  range.  The  other  dog  was  given  DCA  before  insufficiency  symp¬ 
toms  and  accompanying  blood  changes  became  obvious. 

4.  9  alpha  Fluor ocorticosterone  Acetate 

Four  dogs  were  used  for  testing  this  compound  and  the  data  are  given 
in  Table  2.  The  starting  dose  level  for  two  dogs  was  110  /xg./  dog/day;  this 
dosage  was  arbitrary  since  this  halogenated  steroid  had  not  been  tested 
previously.  This  amount  proved  to  be  excessive,  hence  the  two  remaining 
animals  were  given  an  initial  dose  of  55  jug./dog,  day  but  even  this  was  too 
much.  The  test  extended  over  50-60  days  owing  to  the  extreme  potency  of 
the  material.  The  MMD  for  three  of  the  dogs  was  6.85  jug./dog/  day  and 
13.75  Mg-/^log/day  for  the  other,  whereas  the  failing  dose  was  but  3.42 
Mg. /day. 

The  significant  points  regarding  the  test  were  (1)  the  small  amount  of 
the  compound  required  for  maintenance  of  the  dogs;  (2)  the  moderate  but 
definite  sustained  increase  in  the  mean  arterial  pressure  of  the  animals 
receiving  these  miniscule  doses;  (3)  the  rise  in  serum  Na  which  occurred  in 
all  of  the  test  dogs.  A  comparison  of  these  data  with  those  obtained  in 


226  SWINGLE,  ET  AL.  Volume  57 

Table  2.  Maintenance  of  adrenalectomized  dogs  with  Qck-halo  adrenal  and 

OTHER  steroids 


Dog 

No. 

Dose 
dog /day. 
micro- 
grama 

Exper. 

period, 

days 

Wt.. 

1^- 

B.P.. 
mm. He 

Blood 
,  urea  N, 

'  mg.  % 

Hb, 
gm.  % 

Hmct., 

% 

R.B.C., 

10*/ 

cu.  mm. 

Blood 
sugar, 
mg.  % 

Serum 

Na, 

meq./L 

Serum 

Cl, 

m.eq./L 

Serum 

K, 

m.eq./L 

9a-Fluorocorticosterone  acetate 

Initial 

14.74 

98 

13.6 

12.27 

35.1 

5.30 

73.0 

144.5 

115.5 

4.54 

110.00 

10 

14.74 

110 

18.2 

11.94 

34.0 

5.20 

81.5 

148.5 

119.2 

3.90 

56.00 

10 

14.85 

96 

18.3 

12.28 

31.2 

4.80 

72.5 

146.0 

116.0 

4.16 

9 

27.50 

10 

14.51 

104 

25.6 

12.77 

29.6 

4.61 

82.0 

152.5 

115.5 

4.79 

13.76 

10 

14.51 

99 

23.1 

12.51 

31.1 

5.44 

76.5 

150.5 

115.5 

4.81 

6.85 

10 

13.95 

99 

25.9 

11.19 

27.1 

4.23 

81^5 

149.0 

112.8 

5.61 

3.42 

10 

14.29 

64 

27.8 

14.55 

35.5 

6.11 

73.0 

130.0 

102.5 

6.34 

Initial 

17.12 

120 

20.0 

10.52 

31.6 

4.96 

76.0 

145.0 

111.4 

4.71 

110.00 

10 

17.12 

120 

23.5 

11.10 

25.5 

4.87 

85.0 

145.5 

115.6 

4.38 

55.00 

10 

17.12 

115 

20.0 

11.00 

28.2 

4.42 

77.5 

145.0 

112.0 

4.39 

10 

27.50 

10 

16.68 

120 

25.5 

12.05 

28.6 

5.10 

75.5 

150.0 

112.1 

5.03 

IS. 76 

10 

17.01 

120 

21.5 

11.82 

29.0 

5.22 

75.5 

146.5 

108.7 

5.28 

6.85 

10 

17.01 

119 

21.3 

11.48 

30.5 

5.19 

85.0 

143.5 

108.7 

6.11 

3.42 

10 

17.01 

91 

42.5 

12.40 

33.8 

5.57 

85.5 

122.0 

95.0 

6.56 

Initial 

11.90 

107 

22.9 

12.17 

33.3 

5.86 

87.5 

139.5 

112.1 

4.93 

55.00 

10 

12.25 

109 

20.1 

10.62 

26.8 

5.22 

84.5 

143.0 

116.2 

4.00 

27.50 

10 

12.70 

118 

14.1 

11.29 

27.6 

5.34 

80.5 

148.0 

115.5 

4.23 

II 

13.75 

10 

12.81 

119 

19.9 

10.90 

31.9 

4.90 

85.5 

141.5 

115.7 

4.54 

6.86 

10 

12.93 

109 

31.0 

14.03 

42.9 

5.90 

85.5 

140.5 

112.1 

5.63 

3.42 

10 

12.93 

106 

44.1 

18.04 

41.7 

5.52 

84.0 

133.0 

106.6 

6.58 

Initial 

15.99 

102 

23.9 

11.48 

32.7 

4.93 

84.5 

144.0 

116.2 

4.71 

65.00 

10 

16.11 

105 

19.7 

11.00 

29.2 

4.70 

87.0 

144.0 

114.1 

4.22 

27.50 

10 

16.11 

120 

17.0 

11.38 

28.1 

4.51 

80.0 

147.0 

114.2 

4.52 

12 

13.75 

10 

16.11 

117 

20.5 

11.59 

31.1 

4.78 

84.0 

144.5 

117.6 

4.71 

6.85 

10 

16.11 

106 

27.8 

13.75 

43.0 

5.63 

88.0 

143.5 

111.4 

5.36 

3.42 

10 

15.76 

84 

62.4 

17.36 

43.7 

6.86 

81.0 

138.0 

111.4 

7.57 

9a-Fluoro-l  l/S-Hydroxyprogesterone 

Initial 

16.68 

98 

19.8 

12.17 

31.5 

5.44 

84.5 

146.5 

113.8 

4.30 

300.00 

10 

16.67 

96 

17.6 

11.19 

30.6 

4.85 

80.5 

146.7 

116.2 

4.28 

13 

160.00 

10 

16.55 

95 

22.9 

12.77 

35.3 

4.93 

79.5 

146.5 

111.4 

5.26 

75.00 

10 

16.99 

80 

50.8 

17.81 

47.4 

6.23 

75.0 

140.0 

103.2 

6.82 

37.60 

2 

15.65 

70 

79.9 

18.04 

42.5 

6.40 

77.5 

145.0 

104.5 

7.48 

Initial 

16.43 

114 

16.8 

12.51 

33.0 

5.88 

80.0 

146.0 

115.5 

4.16 

300.00 

10 

16.56 

113 

15.9 

12.77 

35.5 

5.25 

84.0 

149.5 

115.5 

4.48 

14 

160.00 

10 

17.01 

no 

18.8 

13.47 

39.6 

6.15 

81.5 

149.0 

112.2 

4.60 

75.00 

10 

16.11 

113 

33.3 

18.04 

45.4 

6.64 

78.5 

146.0 

113.1 

6.58 

37.50 

10 

15.88 

72 

39.6 

18.04 

41.0 

5.82 

84.5 

145.0 

109.4 

7.47 

9a- 

Fluoro-l  10,  17a-Dihydroxyprogesterone 

Initial 

12.93 

119 

16.9 

12.51 

32.4 

4.42 

81.0 

146.0 

113.5 

4.45 

15 

600.00 

10 

12.81 

120 

11.6 

12.77 

33.8 

4.48 

88.0 

145.5 

112.8 

4.54 

SOO.OO 

10 

12.70 

105 

18.9 

12.63 

28.1 

4.18 

82.5 

140.0 

112.4 

4.60 

150.00 

10 

12.81 

66 

34.0 

16.46 

41.7 

6.00 

75.0 

136.5 

110.0 

7.07 

Initial 

16.33 

106 

22.0 

11.48 

30.8 

5.08 

80.5 

145.5 

113.5 

4.28 

16 

300.00 

10 

16.22 

102 

36.0 

13.19 

38.0 

6.33 

82.0 

140.0 

111.5 

5.76 

150.00 

10 

15.42 

78 

55.4 

18.04 

40.0 

6.78 

79.5 

135.5 

100.0 

8.12 

previous  tests  with  aldosterone  revealed  that  the  dose  levels  for  main¬ 
tenance  are  practically  identical  and  that  both  steroids  are  approximately 
20  times  more  active  than  DOC  as  measured  by  the  test  employed  in  these 
experiments.  Fluorocorticosterone  is  the  most  active  steroid  of  the  9a-halo 
series  we  have  studied. 

5.  Effect  of  Increased  Dosage  of  9  Alpha  Corticosterone  upon  the  Arterial 
Pressure 

It  was  observed  that  the  mean  arterial  pressures  of  the  dogs  receiving 
this  compound  were  well  maintained  at  the  extremely  small  dose  of  6.85 
Mg. /day.  Hence  it  was  considered  probable  that  administration  of  fluoro¬ 
corticosterone  in  larger  quantities  would  induce  increases  in  blood  pressure 
and  perhaps  definite  hypertension. 
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Fluorocorticosterone  acetate  was  tested  on  two  adrenalectomized  dogs 
at  a  dose  level  of  1.2  mg./dog/day  of  the  solubilized  material  (15%' 
alcohol),  administered  subcutaneously  in  two  divided  doses  of  600  /xg-  each 
at  9  A.M.  and  4  p.m.  The  data  are  presented  in  Figure  2.  The  animals  were 
table  trained  for  blood  pressure  studies  and  the  resting  mean  arterial  pres¬ 
sure  of  a  typical  case  at  the  beginning  of  the  experiment  was  107  mm.  Hg. 
The  blood  pressure  increased  slowly  but  steadily  throughout  the  21  days 
of  the  test  period.  On  day  21  the  experiment  was  discontinued  owing  to 
exhaustion  of  available  material.  The  resting  arterial  pressure  was  146  mm. 
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Fig.  2.  Increase  in  the  mean  arterial  pressure  and  water  intake  of  an  adrenal¬ 
ectomized  dog  receiving  9  a-fluorocorticosterone  acetate. 

Hg  or  39  mm.  above  the  starting  level.  Two  weeks  after  discontinuing 
the  steroid  treatment  and  replacement  therapy  of  0.5  mg.DCA/day,  the 
blood  pressure  was  still  elevated  and  registered  27  mm.  Hg  higher  than 
when  the  test  began. 

The  water  excretion  and  serum  electrolytes  revealed  changes  associated 
with  the  rise  in  blood  pressure.  The  serum  Na  and  Cl  rose  whereas  the 
serum  K  declined.  The  blood  urea  nitrogen  also  fell  8  mg.%.  A  marked 
polyuria  and  polydipsia  developed  along  with  the  increase  in  arterial 
pressure.  It  is  of  interest  to  note  that  the  blood  pressure  remained  some¬ 
what  elevated  long  after  the  water  intake  returned  to  a  normal  level. 
In  our  experience  a  39  mm.  Hg  sustained  increase  in  the  resting  mean 
arterial  pressure  of  a  well  trained  adrenalectomized  dog  is  highly  signifi¬ 
cant. 

6.  9  Alpha  Halogenated  Derivatives  of  Progesterone 

Fried,  et  al.  (1955a,  in  press)  reported  the  substitution  of  halogen  in  the 
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9  alpha  position  of  various  progesterone  compounds,  and  tested  them  for 
activity.  These  steroids  were  especially  chosen  for  study  in  order  to  de¬ 
termine  whether  or  not  differences  in  the  steroid  side  chain  exert  an  effect 
on  the  adrenocortical  activity  of  the  halogenated  compounds.  These 
derivatives  of  progesterone  lack  the  a-ketol  group  at  C21  and  this  group  has 
usually  been  assumed  to  be  necessary  in  order  for  a  steroid  to  exert  adrenal 
cortical  activity.  A  further  consideration  of  interest  with  respect  to  the 
importance  of  testing  these  compounds  is  that  progesterone  itself  is  very 
low  in  potency  so  far  as  maintaining  the  life  of  adrenalectomized  animals  is 
concerned  (Gaunt  and  Hayes,  1938). 

Fried,  et  al.  (1955a)  have  shown  that  in  the  adrenalectomized  rat  9a- 
fluoro-11 /3-hydroxy progesterone  is  0.85  times  more  active  than  cortisone 
in  the  liver  glycogen  test  and  1.14  times  as  active  as  DC  A  in  the  Na^^ 
retention  test. 

a.  9  Alpha  Fluoro-11  ^-Hydroxy progesterone 

Two  dogs  were  tested  on  this  compound  but  in  view  of  the  findings  of 
Fried,  et  al.  (1955a)  regarding  the  comparatively  low  potency  of  this 
halogenated  steroid  in  rats  it  was  considered  necessary  to  raise  the  start¬ 
ing  dose  to  300  /ug./dog/'day,  giv^en  in  divided  doses  of  150  /ug.  each.  The 
MMD  proved  to  be  150  Mg-/  day  but  the  animals  were  kept  symptom-free 
and  in  good  condition  on  half  this  amount  or  75  Mg-/day  although  at  this 
dose  significant  changes  in  some  of  the  blood  constituents  appeared.  The 
actual  dose  level  at  which  signs  of  adrenal  insufficiency  first  became  evident 
was  37.5  /ug./day.  This  progesterone  derivative  thus  proved  to  be  about 
equal  to  DOC  for  life  maintenance  but  was  many  times  more  potent  than 
cortisone  or  hydrocortisone  in  this  respect  (Table  2). 

b.  9  Alpha  Fluoro-llfiAI'a-Dihydroxy progesterone 

This  compound  has  been  shown  to  possess  1.88  times  the  activity  of 
cortisone  in  the  liver  glycogen  deposition  test  but  was  found  to  be  but  0.1 
times  as  potent  as  DCA  in  retaining  sodium  (Fried,  et  al.,  1955a).  Since  the 
potency  of  the  steroid  when  used  on  the  adrenalectomized  rat  was  less  than 
most  of  the  other  halogenated  steroids,  the  initial  dose  level  chosen  for 
starting  the  test  on  one  dog  was  600  /xg-/dog/day  and  300  /ug./dog/day  for 
the  second,  given  in  divided  doses  twice  daily.  The  MMD  was  300  /ug  /day. 
This  compound  possessed  life-maintaining  activity  but  in  amounts  some¬ 
what  less  than  DCA  (Table  2). 


DISCUSSION 

The  data  presented  in  the  experimental  section  concerning  the  minimum 
requirements  of  the  dog  lacking  adrenals  for  the  various  compounds, 
demonstrates  unequivocally  that  substituting  a  chlorine  or  fluorine  atom 
for  the  9  alpha  hydrogen,  greatly  increases  the  life-maintaining  activity  of 
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the  steroid.  However,  not  all  of  the  halogens  increase  the  physiological 
activity  to  the  same  degree,  for  the  fluorohydrocortisone  proved  to  be 
more  potent  for  life  maintenance  than  the  chlorohydrocortisone. 

Fried,  et  al.  (1955b),  and  Borman,  Singer  and  Numerof  (1954)  found  that 
in  the  adrenalectomized  rat,  the  fluoro-F-acetate  was  superior  to  the 
chloro-F-acetate  in  the  liver  glycogen  test  but  was  much  inferior  to  it 
when  employed  in  the  sodium  retention  and  life  maintenance  assay. 
According  to  the  data  obtained  in  the  present  experiment,  the  dog  reacts 
quite  differently  since  the  fluoro-F-acetate  is  distinctly  superior  to  chloro¬ 
hydrocortisone  in  its  ablility  to  maintain  the  dog  free  from  symptoms  at 
very  small  dose  levels.  The  human  patient  responds  to  the  two  halogenated 
compounds  in  a  manner  similar  to  the  dog,  for  clinical  studies  on  Addi- 
sonians  (Liddle  et  al.,  1954)  demonstrate  that  the  fluorohydrocortisone  is 
much  more  active  than  is  the  chlorohydrocortisone.  Thus  man  and  the  dog 
apparently  differ  from  the  rat  in  their  response  to  fluorohydrocortisone. 

The  data  on  serum  K  changes  presented  in  the  tables  in  tho.se  experi¬ 
ments  dealing  with  fluoro-  and  chlorohydrocortisone,  again  focus  attention 
upon  a  fact  commented  upon  by  workers  in  this  laboratory  (Swingle  et  al., 
1954a,  b),  viz.,  that  slow  reduction  in  dosage  of  active  sodium  retaining 
steroids  extending  over  intervals  of  30-50  days  may  lead  to  accumulatio  i 
of  K  in  the  serum,  sufficient  to  precipitate  severe  cardiac  episodes.  Thus  it 
seems  probable  that  in  low  dosage,  the  mineralocorticoids  exert  less  rigid 
control  over  the  renal  elimination  of  K  than  they  do  over  sodium. 

The  most  active  member  of  the  group  of  halogenated  steroids  studied 
was  9a-fluorocorticosterone.  According  to  the  test  used  in  these  experi¬ 
ments,  this  compound  is  as  potent  as  aldosterone  in  life  maintenance.  Ihe 
MMD  for  aldosterone,  as  determined  in  tests  previously  made  by  the 
writers,  employing  the  same  group  of  adrenalectomized  dogs  as  tho.se  used 
in  these  experiments,  varied  between  6.25  and  12.5  jug./dog  day.  The  dose 
level  at  which  .symptoms  of  insufficiency  appeared  was  3.125  /xg-  day. 
These  figures  are  practically  identical  with  tho.se  obtained  when  fluoro- 
corticosterone  was  used  in  similar  tests,  since  3  of  4  dogs  tesled  remained 
in  excellent  condition  on  6.25  /xg-  dog  day  and  the  failing  dose  was  3.125 
/xg./day.  One  fundamental  difference  between  the  two  compounds  is  the 
fact  that  fluorocorticosterone  is  4.6  times  more  effective  than  cortisone  in 
causing  deposition  of  liver  glycogen  (Fried,  et  al.,  1955a)  whereas  aldos¬ 
terone  is  much  weaker  than  cortisone  in  glucocorticoid  activity  (Schuler 
et  al.  1954). 

Fried,  et  al.  (1955a)  recently  found  that  9a-fluorocorticosterone  and  9a- 
fluorodehydrocorticosterone  posse.ss  20-26  times  the  potency  of  DC  A  for 
life  maintenance  in  adrenalectomized  rats. 

To  date  no  completely  satisfactory  explanation  has  been  offered  to 
account  for  the  surprising  enhancement  of  physiological  activity  of  the 
9  alpha  halogenated  series  of  steroids. 
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SUMMARY 

Long  term  adrenalectomized  dogs  were  used  for  testing  the  mineralo- 
corticoid  and  life-maintaining  activity  of  certain  9  alpha  halo  adrenal 
steroids  and  also  two  halogenated  derivatives  of  progesterone.  The  com¬ 
pounds  proved  to  be  extremely  efficacious  for  maintaining  the  animals  in 
normal  health  and  vigor.  The  9  alpha  fluorohydrocortisone  was  more 
active  than  the  chlorohydrocortisone  and  both  were  much  superior  to  DOC. 
One  halogenated  adrenal  steroid,  9  alpha  fluorocorticosterone  exhibited 
sodium-retaining  and  life  maintenance  potency  equal  to  that  of  aldos¬ 
terone.  The  minimum  maintenance  dose  of  the  substance  was  6.85  /xg-/ 
dog/day  and  the  dose  at  which  marked  symptoms  of  adrenal  insufficiency 
appeared  was  3.42  /ug./day.  These  figures  are  identical  with  those  pre¬ 
viously  obtained  with  aldosterone  tested  on  the  same  dogs. 

Doses  of  1.2  mg. /dog/day  of  9  alpha  fluorocorticosterone  caused  Na 
retention  and  persistent  but  moderate  elevation  of  the  mean  arterial 
pressure.  A  diabetes-insipidus-like  syndrome  accompanied  by  edema  of  the 
legs  and  scrotum  was  produced  by  overdosage  with  9  alpha  fluorohydro¬ 
cortisone. 
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SUCCINOXIDASE  ACTIVITY  AND  COENZYME  A  CON¬ 
CENTRATION  IN  HORMONE  STIMULATED 
MAMMARY  GLANDS  OF  OVARIEC- 
TOMIZED  GUINEA  PIGS' 

IRA  RINGLER2  and  WALTER  L.  NELSON 

Department  of  Biochemistry  and  Nutrition,  Cornell  University,  Ithaca,  New  York 

The  proliferation  and  functioning  of  the  parenchymatous  tissue  of  the 
mammary  gland  is  known  to  involve  the  combined  activity  of  several 
endocrine  secretions.  The  experimental  development  of  mammary  glands 
in  both  males  and  females  of  various  species  has  been  extensively  in¬ 
vestigated  (Scharf  and  Lyons,  1941;  Mixner  and  Turner,  1942;  Kirkham 
and  Turner,  1954). 

Turner  and  Gomez  (1934)  stimulated  male  and  immature  castrate 
female  guinea  pigs  with  estrogens  for  20  days,  finding  very  evident  growth 
and  development  both  in  extent  and  thickness  of  the  mammary  glands. 
Nelson  (1936),  using  various  concentrations  of  estrogens  obtained  corre¬ 
sponding  results.  Jeffers  (1935),  as  the  result  of  her  cytological  studies  of 
the  mammary  glands  of  pseudopregnant  rats,  has  expressed  the  opinion 
that  such  glands  could  have  supported  lactation  comparable  to  that 
occurring  after  normal  birth. 

Inasmuch  as  previous  studies  have  only  measured  the  attainment  of 
full  mammary  growth  by  the  occurrence  of  milk  secretion  or  by  cytological 
examination  upon  removal  of  estrogen  influence  in  non-pregnant  animals, 
little  information  is  available  as  to  the  enzyme  and  coenzyme  features  of 
the  experimentally  developed  mammary  gland.  Therefore,  a  study  was 
conducted  to  determine  the  succinoxidase  and  coenzyme  A  activity  in 
hormonally  induced  mammary  tissue  from  spayed  guinea  pigs. 

METHODS 

Virgin  female  guinea  pigs  (av.  wgt.  477  ±50  gm.),  ovariectomized  through  two  dorsal 
incisions,  were  used  throughout  this  work.  A  period  of  seven  days  elapsed  after  castration 
in  order  to  eliminate  residual  hormonal  effects.  All  animals  were  maintained  on  a  stock 
diet  of  Rockland  Farm  guinea  pig  pellets  plus  timothy  hay  and  water. 
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All  guinea  pigs  received  daily  subcutaneous  injections  for  21  days  of  250  /ig.  of 
estradiol*  and  1  mg.  of  progesterone*  in  0.1  cc.  of  corn  oil.  From  the  21st  to  26th  day 
the  various  groups  received  the  following  hormones  as  indicated  in  Table  1.  Prolactin/ 
dissolved  in  distilled  water,  pH  8.0  was  injected  subcutaneously;  growth  hormone*  in 
phosphate  buffer,  pH  7.5  was  injected  intraperitoneally;  DL-thyroxine,  neutralized  in 
phosphate  buffer,  pH  7.5  was  injected  subcutaneously  as  was  adrenocorticotropin. 
All  animals  were  sacrificed  on  the  27th  day  by  a  blow  on  the  head  and  exsanguination. 

Mammary  tissue  was  quickly  removed,  weighed  and  placed  in  a  cold  all-glass  ho- 
mogenizer  containing  sufficient  phosphate  buffer,  0.1  M,  pH  7.4  to  prepare  a  10%  ho¬ 
mogenate.  This  preparation  was  used  immediately  for  the  measurement  of  enzyme  activity 
and  coenzyme  A  analysis.  Previous  experiments  have  shown  that  it  is  unnecessary  to 
heat-inactivate  mammary  tissue  before  assaying  for  coenzyme  A  (Ringler,  Becker  and 
Nelson,  1954). 

Coenzyme  A  was  dete  mined  by  the  sulfanilamide  acetylation  method  (Kaplan  and 
Lipmann,  1948),  and  in  some  groups  by  the  transacetylation  reaction  (Stadtman, 
Novelli  and  Lipmann,  1951),  but  reported  as  Lipmann  units  per  gram  dry  weight 
tissue  for  both  procedures. 

Oxygen  absorption  in  the  determination  of  succinoxidase  was  measured  by  the  direct 
manometric  method  of  Warburg,  using  standard  flasks  with  potassium  hydroxide  in 
the  center  well.  All  determinations  were  carried  out  at  37°  C.  with  air  as  the  gas  phase. 
The  system  consisted  of:  1.0  cc.  10%  tissue  homogenate;  0.3  cc.  0.1  M  potassium  phos¬ 
phate  buffer,  pH  7.4;  0.3  cc.  0.01  M  sodium  ATP;  0.3  cc.  4X10~*  M  cytochrome  c; 
0.15  cc  4X10~*  M  CaCL;  0.15  cc.  4X10“*  M  AlCL;  0.3  cc.  0.1  M  sodium  succinate; 
glass  distilled  water  to  3.0  cc.  Dry  weight  of  the  whole  homogenate  was  determined  by 
drj'ing  1.0  cc.  sample  in  air  at  about  100°  C.,  and  correcting  for  milk  content  (Moore  and 
Nelson,  1952). 

EXPERIMENTAL 

Values  for  succinoxidase  activity  and  coenzyme  A  concentration  are 
given  in  Table  1.  Milk  could  be  expressed  from  the  teats  of  all  animals 
except  those  in  Group  2,  when  examined  between  the  2nd  and  3rd  day 
after  the  discontinuance  of  estradiol  and  progesterone.  Definite  milk  pro¬ 
duction  w'as  also  evident  upon  dissection  of  the  mammary  gland.  These 
findings  are  in  agreement  with  Nelson  (1936),  who  noted  milk  formation 
48  to  72  hours  after  estrogen  withdrawal  in  guinea  pigs. 

There  was  no  difference  in  succinoxidase  activity  or  coenzyme  A  lev'els 
between  the  glands  having  no  milk  present  (Group  2)  and  those  having 
milk  (Groups  1,  3-9).  In  normal  animals,  however,  Moore  and  Nelson 
(1952)  reported  striking  increases  in  the  activity  of  succinoxidase  in  the 
rabbit  when  the  metabolism  of  mammary  gland  tissue  shifted  from  the 
growth  phase  to  lactation,  while  Ringler,  et  al.  (1954)  described  correspond¬ 
ing  fluctuations  for  coenzyme  A  in  the  guinea  pig. 

Injections  of  growth  hormone  and  prolactin  alone  or  in  combinations 
with  DL-thyroxine  or  adrenocorticotropin  had  no  effect  on  raising  suc- 

*  The  estradiol  and  progesterone  were  obtained  through  the  courtesy  of  Dr.  Preston 
Perlman,  Sehering  Corporation,  Bloomfield,  New  Jersey. 

*  Prolactin  and  growth  hormone  preparations  were  supplied  through  the  courtesy 
of  Dr.  Irby  Bunding,  Armour  Research  Laboratory,  Chicago,  Illinois. 
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cinoxidase  activity  or  coenzyme  A  values  (Table  1).  Folley,  et  al.  (1945), 
demonstrated  that  anterior  pituitary  extract  exerted  a  significant  galac- 
topoietic  effect  at  the  peak  of  estrogen  induced  lactation  in  ruminants. 
Many  workers  (Bergman  and  Turner,  1940;  Lyons,  1942)  have  maintained 
that  prolactin  exerts  a  direct  action  on  the  mammary  epithelium  in  initi¬ 
ating  and  maintaining  the  enzymatic  synthesis  of  milk  constituents, 
whereas  Gomez  and  Turner  (1937)  suggest  that  prolactin  is  a  member  of 
a  lactogenic  hormone  complex,  including  also  adrenocorticotropin.  How- 


TaBLE  1.  SuCCINOXlDASE  ACTIVITY  AND  COENZYME  A  CONCENTRATION  IN  THE  HORMONALLY 
INDUCED  MAMMARY  TISSUE  OF  FEMALE  GUINEA  PIGS 


Group 

Number 

animals 

Hormone  treatment 
21st-2Gth  days 

State  of  gland 

Succin¬ 

oxidase 

(range 

Qoj)* 

Lipmann 
units  per 
gram,  dry 
wt.  (range) 

1 

5 

None 

Milk  expressed 

1 .5-2.1 

20-34 

2 

5 

Estradiol  (250  + 

Progesterone  (i  mg.) 

No  milk  present 

1 .6-2.3 

0-24 

3 

5 

Prolactin  (1  mg.) 

Milk  expressed 

1.1-1. 3 

14-21 

4 

5 

Growth  Hormone  (1  mg.) 

Milk  exjiressed 

2. 0-2. 7 

1 1-30 

5 

5 

Prolactin  (1  mg.)-f 

Growth  Hormone  (1  mg.) 

Milk  expressed 

1 .0-1 .6 

14-27 

G 

3 

Prolactin  (1  mg.)-|- 
DL-Thyroxine  (10  mK-) 

Milk  expressed 

1 .2-1 .9 

4-8 1 

7 

3 

Prolactin  (1  mg.)-l- 
A('TH  (2  i.u.) 

Milk  expressed 

2. 0-3. 5 

5-7 1 

8 

3 

Prolactin  (1  mg.)-t- 
Growth  Hormone  (1  mg) + 
DL-Thyroxine  (10  /ug.) 

Milk  exjire.ssed 

l.t>-3.0 

7-8t 

9 

3 

Prolactin  (1  mg.)-|- 
Growth  Hormone  (1  mg.)-l- 
DL-Thvroxine  (10  iig.)-|- 
ACTri  (2  I.u.) 

Milk  expressed 

1 .0-1  .0 

5-6 1 

*  Qo2  represents  n\  Oj  uptake/mg.  dry  weight  of  tissue  (corrected  for  milk) /hr.  based  on 
best  10  min.  period  after  manometer  tajis  were  closed. 

t  Coenzyme  A  measured  by  transacetvlation  reaction  were  at  extreme  lower  limits  of  the 
standard  curve  and  may  only  be  considered  as  approximations.  This  procedure  measures 
only  intact  Co  A,  while  the  sulfanilamide  method  (groups  1-5)  is  active  for  fragments  of  the 
Co  A  molecule  (Buyske,  et  al.,  1954). 


ever,  within  the  limits  of  this  experiment,  injections  of  prolactin  alone  or 
in  combination  with  adrenocorticotropin  was  ineffective  in  elevating  the 
rate  of  enzymatic  activity  comparable  to  that  measured  in  normal  lac- 
tating  mammary  tissue. 

Since  the  established  gestational  period  in  the  guinea  pig  is  60  days,  a 
group  of  three  animals  were  injected  for  this  period  with  250  Mg-  of  estradiol 
and  1  mg.  of  progesterone,  followed  by  5  daily  doses  of  1  mg.  of  prolactin. 
The  succinoxidase  acti\dty  and  Co  A  concentrations  remained  low,  being 
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similar  to  those  expressed  for  Group  3  (Table  1).  The  wet  weight  of  the 
mammae  (1.7-2.5  g.)  in  the  60  day  injected  group  was  similar  to  that 
obtained  from  animals  injected  for  21  days  (1. 5-2.3  g.),  indicating  that  the 
growth  response  for  the  prescribed  dosage  of  estrogens  was  maximal  at 
21  days.  Wet  weight  of  the  mammae  in  Groups  6-9,  which  was  from  1.3  g. 
to  2.7  gm.,  more  closely  resemble  those  of  a  normal  preparturient  guinea 
pig  (1.6-4.3  gm.),  than  the  mammae  of  a  normal  parturient  animal  (6.7 
13.3  g.). 

In  order  to  determine  if  suckling  could  influence  the  results,  three 
animals  were  injected  with  250  fxg.  of  estradiol  and  1  mg.  of  progesterone 
for  21  days,  followed  by  5  daily  doses  of  1  mg.  of  prolactin.  Concurrent 
with  the  prolactin  treatment,  each  animal  was  suckled  by  3  foster  young, 
approximately  4-5  days  of  age.  Enlargement  of  the  teats  was  noted  after 
two  days  of  suckling,  but  it  is  difficult  to  ascertain  the  sufficiency  of  the 
milk  supply  since  the  young  had  free  access  to  food.  The  succinoxidase 
activity  and  coenzyme  A  values  after  five  days  at  suckling  were  similar  to 
those  recorded  for  Group  3  (Table  1).  Another  group  of  three  animals  were 
given  the  identical  hormone  treatment  but  milked  daily  for  five  days.  The 
daily  milk  volume,  obtained  by  direct  milking  (Nelson,  et  ah,  1951), 
ranged  from  0.3  to  0.7  gm.  per  animal  (average  daily  milk  volume  from  8 
normal  post-partum  animals — 9.32  gm.).  Four  i.u.  of  oxytocin  injected 
subcutaneously  just  prior  to  milking  had  no  influence  upon  the  volume  of 
milk  obtained.  No  increase  in  enzyme  or  coenzyme  concentrations  was 
noted  in  this  group  of  guinea  pigs. 

DISCUSSION 

Comparing  the  Q02  values  from  normal  guinea  pig  mammae,  for  succin¬ 
oxidase  (non-lactating  2.0-2.8;  lactating  6.4-14.5),  with  values  obtained 
in  this  experiment,  it  is  evident  that  although  the  glands  exhibited  milk 
formation,  the  enzymatic  activity  was  comparable  to  a  normal  prepar¬ 
turient  gland.  Coenzyme  A  values  are  also  similar  to  those  previously 
reported  (Ringler,  et  al.,  1954)  for  animals  in  late  pregnancy,  22-47  Lip- 
mann  units  per  gram  dry  weight  (animals  post-partum,  55-170). 

Though  an  attempt  has  been  made  to  induce  mammary  growth  experi¬ 
mentally,  the  question  prevails  whether  these  conditions  duplicate  the 
natural  growth  of  pregnancy.  It  is  apparent  that  the  combinations  of 
prolactin,  growth  hormone,  adrenocorticotropin  and  DL-thyroxine  were 
unable  to  maximally  activate  the  mammae.  There  are  certain  concomi¬ 
tants  of  pregnancy  which  may  enter  in  the  growth  process  or  in  some  way 
“prime”  the  mammary  gland  in  preparation  for  the  lactation  phase: 
(1)  direct  or  indirect  hormonal  effects  derived  from  either  the  fetus  or 
uterine  endometrium;  and  (2)  possible  endocrine  action  of  the  placenta. 
Both  Lyons  (1942)  and  Leonard  (1945)  have  suggested  that  the  placenta 
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may  secrete  substances  which  synergize  the  action  of  ovarian  or  pituitary 
hormones  during  the  second  half  of  pregnancy. 

It  is  generally  agreed  that  the  first  half  of  pregnancy  is  occupied  by  the 
development  of  ducts,  lobules  and  alveoli.  During  the  latter  half  of  preg¬ 
nancy  and  at  parturition,  secretion  becomes  more  and  more  prominent, 
contributing  to  the  general  increase  in  size  of  the  mammae.  However,  the 
hormone  induced  mammae  were  appreciably  smaller  in  size  than  those  of 
normal  parturient  animals,  which  may  have  reflected  a  deficiency  of 
cytoplasmic  structures,  thereby  accounting  for  the  lowered  enzyme  and 
coenzyme  acti\dty.  The  exceedingly  small  quantities  of  milk  expressed 
from  the  experimental  glands  also  indicate  that  although  the  enzymatic 
complement  for  milk  synthesis  is  qualitatively  similar  to  the  normal  gland, 
it  cannot  maintain  normal  lactation  in  the  guinea  pig. 

SUMMARY 

The  succinoxidase  activity  and  coenzyme  A  concentration  has  been 
studied  in  experimentally  developed  guinea  pig  mammae.  Injections  of 
prolactin  and  growth  hormone  alone  or  in  combinations  with  adreno- 
cortocotropin  or  DL-thyroxine  had  no  effect  on  raising  succinoxidase  activ¬ 
ity  or  coenzyme  A  values  in  estrogen  and  progesterone  stimulated  mammary 
gland  tis.sue.  Wet  weights  of  the  mammae  in  60-day  estrogen  injected 
animals  were  similar  to  those  obtained  from  animals  injected  for  21  days. 
Suckling  or  direct  milking  of  hormonally  stimulated  animals  did  not  alter 
the  enzyme  and  coenzyme  levels. 
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COMPARATIVE  STUDY  OF  SO]\IE  EFFECTS  OF  AD¬ 
MINISTRATION  OF  DIHYDROTACHYSTEROL  AND 
CALCIFEROL  TO  RATS' 

ROY  V.  TALMAGE  and  B.  F.  DODDS 

Department  of  Biology,  The  Rice  Institute,  Houston,  Texas 


DIHYDROTACHYSTEROL  (Antitetanic  preparation  10)  an  irradi¬ 
ation  product  of  ergosterol,  has  been  used  for  many  years  as  a 
substitute  for  parathyroid  extract  in  human  therapy.  Its  use  has  been 
based  on  its  ability  to  maintain  near  normal  serum  calcium  levels  in  cases  of 
hypoparathyroidism  without  producing  the  toxic  effects  or  refractoriness 
after  prolonged  administration  which  often  accompanies  the  use  of 
parathyroid  extract  (MacBryde,  1938).  However,  the  “calcemic  principle” 
of  dihydrotachysterol  has  been  reported  to  be  relatively  non-specific  for 
the  various  derivatives  of  irradiated  ergosterol  and  has  also  been  studied 
rather  extensively  for  Vitamin  D2  (Calciferol).  McLean  (1941)  reviewed 
thoroughly  the  clinical  uses  of  these  two  drugs  in  regard  to  their  “calcemic 
activities”  and  came  to  the  conclu-ion  that  both  drugs  were  equally 
effective  though  calciferol  required  a  dose  approximately  double  that  of 
dihydrotachysterol.  In  a  more  recent  report  (McLean,  1953),  he  has 
specified  calciferol  as  the  therapy  of  choice  in  human  hypoparathyroidism. 
This  conclusion,  while  not  unanimously  accepted,  has  been  supported 
recently  by  Martin  and  Rilliet  (1953). 

Much  of  the  work  done  on  animals  other  than  humans  using  dihydro¬ 
tachysterol  has  been  on  the  antirachitic  properties  of  this  drug  (McChes- 
ney,  1943b;  Stohl  et  al,  1939;  Correll  and  Wise,  1942;  Harrison  and 
Harrison,  1942).  A  more  recent  paper  (Latta  and  Tristan,  1950)  reported 
that  major  decalcification  of  the  long  bones  followed  prolonged  administra¬ 
tion  of  dihydrotachysterol  to  rats.  Latta  also  noted  that  the  effect  was 
greater  when  the  drug  was  given  orally  than  following  subcutaneous 
administration.  This  difference  in  the  effect  of  the  drug  following  the  two 
routes  of  administration  was  also  noted  by  McChesney  (1943a)  in  the  chick. 

There  has  been  some  disagreement  concerning  the  mode  of  action  of 
dihydrotachysterol  other  than  its  influence  on  absorption  of  calcium  by  the 
gut.  The  generally  accepted  theory  is  that  first  suggested  by  Albright 
ef  al.  (1938)  and  since  reviewed  by  Albright  and  Reifenstein  (1948).  These 
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authors  suggested  that  the  drug  was  more  similar  in  action  to  that  of  para¬ 
thyroid  hormone  than  to  Vitamin  D  and  exerted  its  primary  effect  by 
increasing  renal  excretion  of  phosphate. 

This  laboratory  has  recently  described  the  progressive  changes  in  phos¬ 
phate  and  calcium  excretion  following  parathyroidectomy  in  the  rat  (Tal- 
mage  and  Kraintz,  1954a,  1954b).  This  study  is  concerned  chiefly  with  the 
influence  of  both  dihydrotachysterol  and  calciferol  on  calcium  and  phos¬ 
phate  serum  levels  and  on  the  progressive  excretory  changes  of  these  two 
ions  following  parathyroidectomy. 

MATERIALS  AND  METHODS 

Approximately  190  male  Sprague-Davvley  rats  weighing  between  175  and  250  gm. 
were  used.  The  animals  were  maintained  either  on  a  standard  purina  diet  or  on  a  specially 
prepared  calcium-free  diet  as  indicated  in  the  individual  experiments.  Where  parath}"- 
roidectomies  were  performed,  the  glands  were  remov^ed  individually  under  ether  an- 
e.sthesia. 

Radiophosphorus  excretion  was  used  to  indicate  changes  in  phosphate  excretion,  a 
procedure  which  had  been  shown  previously  to  be  reliable  (Talmage  and  Kraintz,  1954a). 
The  radioisotope  (P®*)  was  injected  intraperitoneally,  using  a  do.se  approximating  5  /ac. 
The  time  of  administration  of  the  radioactivity  varied  as  indicated  according  to  the 
demands  of  the  particular  experiment.  In  order  to  quantitatively  correlate  the  differen- 
experiments,  all  animals  used  in  any  one  experiment  were  given  equal  amounts  of  radiot 
activity.  Since  radioactivity  measurements  are  relative,  the  radiophosphorus  excretion 
of  the  controls  used  in  each  experiment  was  set  at  1000  and  all  experimental  values 
adjusted  to  this  standard. 

The  two  drugs  used  were  dihydrotachysterol,*  commonly  known  as  AT-10,  and 
calciferol,’  a  synthetic  preparation  of  Vitamin  D2.  Both  drugs  were  administered  by 
stomach  tube,  the  AT-10  in  sesame  oil  and  the  Vitamin  in  propylene  glycol.  For  the 
collection  of  urine  the  animals  were  placed  on  metabolism  cages.  When  repeated  short 
urine  collection  periods  were  used,  the  rats  were  given  5  ml.  of  water  by  stomach  tube 
at  the  beginning  of  each  period.  At  the  end  of  the  experiment,  the  animals  were  bled  to 
obtain  serum  for  calcium  and  phosphorus  analyses.  All  phosphorus  values  were  deter¬ 
mined  by  the  method  of  Lepage  (1949)  and  calcium  values  bj’^  the  method  of  Clark  and 
Collip  (1925). 


RESULTS 

In  preliminary  experiments  with  AT-10,  the  influence  of  the  route  of 
administration  of  the  drug  was  studied.  At  the  dose  levels  used,  this  drug 
proved  to  be  ineffective  in  the  rat  when  injected  either  intraperitoneally 
or  subcutaneously,  while  marked  effects  were  noted  following  oral  admini¬ 
stration.  This  is  in  agreement  with  previous  studies  (McChesney,  1943a, 
Latta  and  Tristan,  1950)  and,  therefore,  in  the  following  experiments  both 
drugs  used  were  consistently  administered  by  the  oral  route. 

Effects  of  Dihydrotachysterol  on  Normal  Rats:  In  order  to  study  some  of  the  effects  of 

*  Hytakerol.  Brand  of  Dihydrotachysterol  in  Sesame  Oil.  Winthrop-Stearns,  Inc. 

’  Drisdol.  Brand  of  Crystalline  Vitamin  D2  (Calciferol)  from  ergosterol  in  propylene 
glycol.  Winthrop-Stearns,  Inc. 
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AT- JO  on  calcium  and  phosphate  metabolism  in  normal  animals,  the  drug  was  adminis¬ 
tered  at  a  daily  dose  of  200  /xg.  to  two  groups  of  rats.  The  first  group  was  maintained  on 
normal  laboratory  chow  preceding  and  throughout  the  experimental  study.  The  second 
group  was  placed  on  a  calcium-free  regime  ten  days  prior  to  the  actual  experimentation 
period.  The  results  of  this  study  are  summarized  in  Table  1. 

Examination  of  these  data  reveals  that  the  drug  produced  a  gradual  in¬ 
crease  in  serum  calcium  levels  in  both  groups  of  animals  while  producing 
little,  if  any  effect  on  serum  phosphate.  In  regard  'to  the  latter,  there 
appeared  to  be  some  increase  in  serum  phosphate  by  48  hours  after  the 
initial  treatment  with  AT-10,  but  since  by  72  hours  serum  phosphate 
values  were  normal,  the  significance  of  the  increase  at  48  hours  is  question¬ 
able.  It  is  of  interest  to  note  that  Hoff  (1935)  reported  an  increase  in 
serum  phosphate  following  AT-10  administration. 


Table  1.  Effect  of  AT-10  on  nor.mal  rats 


Urine  collection  periods — in 

hours  after  initial  dose  of  AT-10 

18-24  hours 

24-48  hours 

48-72  hours 

Normal 

AT-10 

Normal 

AT-10 

Normal 

AT-10 

Calcium  Excretion 

.019+  .001 

.045  ±  .008 

.0391  .005 

.3371  .042 

.0191  .002 

.2881 .110 

(mg./hr.)  Normal 

(6) 

(6) 

(15) 

(15) 

(6) 

(6) 

Diet 

Calcium  Excretion 

.020±  .003 

.036±  .005 

.0261  .003 

.2711  .057 

.0141  .0009 

.121 (.051-. 220) 

(mg. /hr.)  Calcium- 

(4) 

(4) 

(13) 

(11) 

(4) 

(3) 

free  Oiet 

Radiophosphorus 

1000  ±  220 

11301310 

10001130 

20481178 

10001281 

1313 1 348 

excretion 

(6) 

(6) 

(19) 

(23) 

(6) 

(6) 

Serum  Phosphate 

_ 

_ 

9.61  .28 

11.31  .31 

10.21  .19 

10.21  .35 

(mg.  %  P) 

(10) 

(10) 

(9) 

(10) 

Serum  Calcium 

— 

— 

10.01  .35 

11.31  .51 

11.21  .18 

13.11  .36 

(mg.  %) 

(10) 

(10) 

(10) 

(10) 

ites: 

1.  Dosage  =20"  mK.  AT-10  daily. 

2.  Numbers  in  parentheses  » number  of  animals. 

3.  Values  iriven  with  S.E. 

4.  Animals  bled  at  conclusion  of  collection  period. 

5.  P-32  given  simultaneously  with  initial  injection  of  AT-10,  Radioactivity  excreted  by  normal  animals  in  each 
collection  period  set  at  1000,  and  experimental  values  adjusted  to  this  standard. 


Renal  excretion  of  these  two  ions  appeared  to  follow  the  serum  values. 
As  the  serum  calcium  level  rose,  calcium  excretion  increased  markedly  and 
in  some  cases  rose  to  15  times  the  normal  value.  This  phenomenon  occured 
also  in  the  animals  maintained  on  a  calcium-free  diet,  indicating  that  the 
effects  of  the  drug  were  not  limited  to  increasing  calcium  absorption 
through  the  gut.  Renal  phosphate  excretion  increased  slightly  following 
AT-10  administration,  doubling  its  rate  by  48  hours.  However,  as  in  the 
case  of  the  serum  phosphate  levels,  this  rate  was  not  maintained. 

Effect  of  Dihydrotachysterol  on  Parathyroidectomized  Rats:  Previous  work 
(Talmage  et  al.,  1955)  has  shown  that  following  parathyroidectomy  in  the 
rat,  phosphate  excretion  drops  markedly  within  one  hour  and  remains  low 
for  about  16  hours,  at  which  time  it  returns  toward  normal  levels.  In 
contrast,  calcium  excretion  increases  after  parathyroid  removal,  becoming 
maximal  between  one  and  two  hours  later.  It  gradually  decreases  there- 
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after,  and  like  phosphate  excretion  returns  to  within  the  normal  range 
by  about  16  hours.  These  previous  studies  indicated  that  the  return  to 
normal  excretory  rates  was  dependent  upon  the  serum  level  rising  to 
between  12  and  14  mg.%  for  phosphorus  and  dropping  to  between  6  and 
7  mg.%  for  calcium.  Since  AT-10  is  used  extensively  in  cases  of  hypopara¬ 
thyroidism,  the  following  experiments  were  done  to  show  its  effect  on  the 
parathyroidectomized  animal.  The  results  are  summarized  in  Table  2. 
The  data  include  the  effects  of  AT-10  both  when  the  initial  dose  was  given 
at  the  time  of  parathyroidectomy  and  up  to  48  hours  prior  to  the  operation 
One  of  the  most  striking  effects  produced  by  AT-10  on  the  progressive 
changes  which  follow  parathyroidectomy  was  its  influence  on  phosphate 


Table  2.  Effect  of  AT-10  on  parathyroidectomized  rats 


Time  of  initial 
dose  AT-10 

Urine 

collection 

period 

P**  excretion 

Calcium 
excretion 
(mg. /hr.) 

Terminal 
serum 
calcium 
(niR.  %) 

Terminal 
serum 
phosphate 
(mg.  %  P) 

(hrs.  after 
PTX) 

Normal  Controls 

_ 

1000  ±62 

.0341  .003 

10.5+  .19 

9.31  .35 

(34) 

(18) 

(36) 

(19) 

Parathyroidertomixed 

1-7 

24  ±6 

.228+  .036 

7.6+  .21 

11.01  .21 

Controls 

(30) 

(9) 

(24) 

(17) 

.\T-10  Given  Simul- 

1-7 

17  +  3 

.300+  .037 

8.5+  .11 

12.11  .63 

tuneously  with  PTX 

(17) 

(7) 

(11) 

(11) 

18-28 

— 

_ 

9.3 (8. 7-9. 6) 

13.2(12.8-13.9) 

(3) 

(3) 

AT-IO  Given  12-18 

4-6 

898  1335 

Hours  prior  to  PTX 

(4) 

6-8 

12591459 

.2311  .043 

11.11  .35 

12.81  .32 

(4) 

(4) 

(4) 

(4) 

AT-10  Given  24-48 

1-4 

553  +  90 

Hours  prior  to  PTX 

(8) 

4-7 

1970(1173-2581) 

.6001  .062 

11.11  .44 

10.91  .38 

(3) 

(12) 

(18) 

(12) 

Notes: 

1.  Dose — 200  mR-  AT-10  daily. 

2.  Number  in  parentheses  =  Number  of  aninmis. 

3.  Values  given  with  Standard  Error  (Range  ^ven  when  less  than  4  animals.) 

4.  Animals  bled  at  end  of  urine  collection  period. 

5.  P-32  given  1  hour  following  PTX.  Radioactivity  excreted  by  normals  set  at  1000;  experimental  values  ad¬ 
justed  to  this  standard. 

excretion.  Not  only  was  the  drop  in  phosphate  excretion  prevented  for  the 
most  part,  but  even  the  small  drop  noted  was  reversed  within  a  few  hours. 
The  serum  phosphate  values,  however,  were  not  markedly  affected,  and 
rose  steadily  as  did  those  of  the  parathyroidectomized  controls  run 
simultaneously.  The  other  striking  effect  was  the  prevention  of  the  fall  in 
serum  calcium  which  normally  follows  parathyroidectomy.  When  the 
initial  dose  of  AT-10  preceded  parathyroidectomy  by  12  hours  or  more, 
serum  calcium  was  reduced  by  the  operation  to  normal  levels,  indicating 
only  a  slight  drop  from  the  elevated  serum  calcium  produced  by  the 
previously  administered  AT-10.  When  the  first  dose  w’as  given  at  the  time 
of  parathyroidectomy,  there  was  a  rise  in  serum  calcium  by  the  7th  hour 
and  an  even  greater  rise  by  the  24th  hour.  The  rise  in  urine  calcium  excre¬ 
tion  following  parathyroidectomy  was  even  more  marked  when  para- 
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thyroidectomy  was  preceded  by  AT-10  administration,  but  this  is  prob¬ 
ably  explained  by  the  higher  excretory  rate  existing  at  the  time  of  operation 
Comparison  of  Effects  of  Dihydrotachysterol  and  Calciferol  on  these 
Phenomena:  Because  of  the  chemical  similarity  between  dihydrotachy¬ 
sterol  and  the  various  forms  of  Vitamin  D,  and  the  fact  that  Vitamin  D2  is 
also  often  used  in  cases  of  parathyroid  deficiencies,  the  entire  series  of 
experiments  was  repeated.  An  additional  group  of  animals  in  each  instance 
was  treated  with  Vitamin  D2  in  an  amount  double  by  weight  that  of  the 
AT-10  administered  in  the  previous  experiments.  This  increase  was  based 
on  McLean’s  (1941)  ratio  of  2:1  for  the  effectiveness  of  dihydrotachysterol 
to  calciferol.  These  data  are  summarized  in  Table  3. 


Table  3.  Comparison  of  vitamin  D2  and  AT-10  in  normal  and 

PARATHYROIDECTOMIZED  RATS 


Renal  P’* 
excretion 
(total) 

Renal  calcium 
excretion 
(mg. /hr.) 

Terminal 
serum  calcium 
(mg.%) 

Terminal 
serum 
phosphate 
(mg.%  P) 

X’ormal  controls 

1000  ±220 

.020±  .003 

10.6±3.5 

9.8±  .28 

Normals -|-Vit.  Dj 

1240  ±.303 

.073 ± .016 

10.1 

(9.5-11.4) 

9.0 

(8. 6-9. 5) 

Normals  -|- AT-10 

1540  ±104 

.:il)0±  .044 

13.1 ±  .36 

10.2  ±  .;i5 

Parathyroidectomizcd 

Controls 

4 

(3-4) 

.043 

(.042-. 045) 

7.6±  .21 

11 .0±  .21 

Parathyroidectomized 
-|- Vitamin  D2 

100 

(:i3-i5i) 

.076 ± .022 

9.1 ±  .22 

11 .9 ± .37 

Parathyroidectomized 
-(-At- 10 

1 7:18  ±230 

.214 ± .022 

12.2±1 .04 

10. 9±  .38 

X  otes ; 

1.  All  animals  on  calcium-free  diet  10  days  prior  to  experimental  use. 

2.  Dosage  of  drugs — 400  /ig.  daily.  Initial  dose  48  hours  prior  to  parathyroidectomy. 

3.  Urine  collection  period:  4-7  hours  after  parathyroidectomy:  animals  bled  at  end  of 
collection  period. 

4.  Each  value  given  =  average  of  4-7  animals  with  standard  error.  In  the  5  cases  where 
only  three  animals  were  used,  range  rather  than  S.E.  is  given. 

5.  P-32  given  1  hour  following  parathyroidectomy.  Radioactivity  excreted  by  normal 
animals  set  at  1000;  experimental  values  adjusted  to  this  standard. 


Examination  of  these  data  shows  that  for  the  phenomena  described. 
Vitamin  D2  will  not  replace  AT-10  in  the  rat.  For  the  most  part  the  vitamin 
could  not  be  shown  to  influence  the  physiological  functions  studied  in  these 
experiments.  The  only  possible  effects  seen  were  minor  increases  in  renal 
calcium  excretion  and  a  slight  retardation  in  the  fall  in  serum  calcium 
following  parathyroidectomy.  Since  these  experiments  were  run  with 
animals  which  had  been  maintained  10  days  prior  to  the  experiment  on  a 
calcium-free  diet,  effects  on  gut  absorption  of  calcium  are  minimized. 
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DISCUSSION 

It  appears  from  the  data  presented  in  this  report  that  the  action  of 
dihydrotachysterol  in  rats  is  restricted  almost  entirely  to  its  ability  to 
remove  calcium  and  phosphate  from  bone.  This  is  borne  out  by  the  evi¬ 
dence  that  increases  or  decreases  in  the  renal  excretion  of  both  calcium  and 
phosphate  appear  to  follow  similar  increases  or  decreases  in  the  serum 
levels  of  these  two  ions  and  that  the  drug  was  unable  to  lower  serum 
phosphate  levels  even  in  the  presence  of  slightly  increased  renal  phosphate 
excretion.  In  this  regard  the  action  of  the  drug  in  rats  appears  to  be  differ¬ 
ent  from  the  action  of  parathyroid  hormone  as  suggested  by  recent  works 
from  this  laboratory.  This  laboratory  has  postulated  that  the  parathyroids 
are  able,  in  the  rat,  to  control  the  renal  thresholds  for  both  calcium  and 
phosphate  while  simultaneously  influencing  the  removal  of  calcium  and 
phosphate  from  bone.  Whether  the  actions  on  bone  by  dihydrotachysterol 
and  the  hormone  are  similar  has  not  as  yet  been  determined. 

These  studies  also  bear  out  the  evidence  of  Latta  and  Tristan  (1950) 
and  McChesney  (1943a)  that  dihydrotachysterol  is  less  effective  when 
injected  than  when  administered  orally.  At  the  lower  dose  levels  used  in 
these  experiments,  no  “calcemic  effct”  could  be  shown  following  sub¬ 
cutaneous  or  intraperitoneal  injection.  Since  the  higher  levels  were  ad¬ 
ministered  only  orally,  it  can  only  be  assumed  that  the  difference  in 
response  is  a  matter  of  degree  as  noted  by  the  above  workers.  No  explana¬ 
tion  of  this  phenomenon  can  be  attempted  at  this  time. 

Finally,  these  studies  indicate  fairly  conclusively  that,  in  the  rat,  the 
action  of  Vitamin  D2  in  regards  to  its  effect  on  calcium  and  phosphate 
metabolism  is  not  comparable  to  that  of  dihydrotachysterol.  This  appears 
to  be  in  marked  contrast  to  the  similar  effects  produced  by  both  these 
drugs  in  man  as  reported  by  McLean  (1953)  and  Martin  and  Rilliet  (1953). 
This  could  very  well  be  a  species  difference  as  AT-10  and  Vitamin  D2  are 
known  to  act  differently  in  the  rat  and  the  chicken  concerning  their 
antirachitic  effect  (Correll  and  Wise,  1942).  The  known  effects  of  these 
two  drugs  on  absorption  of  calcium  from  the  gut  were  for  the  most  part 
ruled  out  by  maintaining  the  animals  on  a  calcium-free  diet  for  ten  days 
prior  to  the  experiment.  Vitamin  D2  proved  virtually  ineffective  in  regard 
to  the  studied  physiological  functions  when  administered  to  the  rats  in  a 
dose  approximating  2  mg.  of  crystalline  calciferol  per  kilogram  of  body 
One-half  of  this  dose  by  weight  of  dihydrotachysterol  was  shown  to  be 
effective,  when  administered  orally,  in  raising  serum  calcium  levels  in  both 
normal  and  parathyroidectomized  rats. 

SUMMARY 

The  action  of  dihydrotachysterol  (AT-10)  has  been  studied  in  normal 
and  parathyroidectomized  rats.  Only  when  given  orally  was  the  drug 
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effective  at  the  dose  levels  used.  In  normal  rats,  it  was  found  to  raise  serum 
calcium  levels  and  renal  calcium  excretion  markedly.  However,  only  minor 
increases  in  phosphate  excretion  were  produced.  When  given  prior  to 
parathyroidectomy,  dihydrotachysterol  prevented  the  fall  in  serum  cal¬ 
cium  but  did  not  prevent  the  temporary  increase  in  renal  calcium  excretion 
which  follows  the  loss  of  circulating  hormone.  Conversely,  while  the  drug 
was  able  to  prevent  the  fall  in  renal  phosphate  excretion  it  was  unable  to 
prevent  the  rise  in  serum  phosphate  levels  which  follows  removal  of  these 
glands.  When  the  drug  was  given  at  the  time  of  or  following  parathyroidec¬ 
tomy,  it  was  able  to  raise  serum  calcium  levels  without  any  marked  effect 
on  serum  phosphate  levels  or  renal  excretion  rates  of  these  two  ions.  In  the 
rat,  equal  or  double  amounts  of  calciferol  (Vitamin  D2)  were  unable  to 
replace  dihydrotachysterol  in  its  effect  on  these  physiological  functions. 
It  is  concluded  that  dihydrotachysterol  functions  in  the  rat  by  removing 
calcium  and  phosphate  from  bone. 
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INITIATION  OF  THE  SPAWNING  REFLEX  RESPONSE 
IN  FUNDULUS  BY  THE  ADMINISTRATION  OF  FISH 
AND  MAMMALIAN  NEUROHYPOPHYSIAL  PREP¬ 
ARATIONS  AND  SYNTHETIC  OXYTOCIN 
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The  normal  spawning  behavior  of  the  killifish,  Fundulus  heteroclitus 
(Linn.),  has  been  described  by  Newman  (1907).  After  a  period  of 
active  courtship  on  the  part  of  the  male,  the  two  sexes  come  together  in 
close  approximation  (Fig.  1).  The  bodies  are  flexed  in  a  characteristic 


Fig.  1.  The  normal  spawning  attitude  of  male  and  female  Fundulus  heteroclitus,  from 
Newman  (1907).  Dorsal  and  ventral  views;  female  stippled.  The  straight  line  indicates 
points  of  contact  with  the  side  of  the  aquarium. 

S-shaped  curve,  and  the  genital  products  are  emitted  simultaneously  dur¬ 
ing  a  period  of  rapid  mutual  vibration.  The  S-shaped  pattern  which,  in  this 
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oviparous  cyprinodont,  is  alike  in  both  sexes,  forms  the  prototype  from 
which  the  more  highly  differentiated  behavior  of  the  ovo-viviparous  poe- 
ciliids,  such  as  the  guppy  and  the  swordtail,  has  been  evolved  (Rosen  and 
Gordon,  1953). 

During  the  course  of  routine  tests  of  fish  pituitary  preparations  in 
hypophysectomized  killifish  it  was  discovered  (Pickford,  1952)  that  crude 
extracts,  and  certain  partially  purified  preparations,  elicited  a  character¬ 
istic  spawming  reflex  response  (Fig.  2).  Each  individual  fish  behaves 
independently  and  there  is  no  coordination  of  the  response  even  when 
normal  males  and  females  are  injected  and  placed  together,  unless  the 
fish  are  close  to  natural  spawning.  With  active  preparations  the  response 
commences  about  16  minutes  after  injection,  reaches  a  maximum  fre¬ 
quency  of  tw’o  to  four  spasms  per  minute  in  20  to  30  minutes,  and  then 


Fig.  2.  An  induced  spawning  reflex  in  a  hypopliysectomized  male  Fundulus, 
after  injection  with  pollack  pituitary  fraction  F6EF. 

slowly  subsides.  With  less  active  preparations,  or  lower  dosage  levels, 
the  onset  time  is  delayed,  the  peak  is  later,  and  the  frequency  is  markedly 
retarded.  The  response  can  be  elicited  equally  well  in  males  and  females,  as 
would  be  expected  from  the  similarity  of  their  natural  spawning  reaction. 
While  some  fish  are  more  responsive  than  others,  no  differences  could  be 
detected  between  normal  and  hypophysectomized  individuals,  nor  between 
sexually  mature  spring  fish  and  sexually  quiescent  autumnal  fish.  It  was 
found  that  the  response  could  be  elicited  even  in  yearlings,  without 
previous  spawning  experience.  The  hypophysectomized  fish  are  in  a  state 
of  physiological  castration,  and  it  has  since  been  shown  that  the  response 
can  be  elicited  equally  well  after  surgical  castration  of  either  sex  (Pickford, 
unpublished  observations).  In  agreement  with  these  findings,  it  was  ob¬ 
served  that  androgens  such  as  methyl  testosterone  were  completely 
ineffective.  It  was  concluded  that  the  response  must  be  evoked  by  direct 
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excitation  of  a  nervous  center,  although  this  hypothesis  still  awaits 
experimental  demonstration,  and  that  the  sex  hormones  play  no  part  in 
mediating  this  phase  of  the  sexual  behavdor  pattern. 

A  variety  of  mammalian  anterior  lobe  preparations  have  been  tested  in 
an  attempt  to  identify  the  spawning  reflex  factor.  It  was  found  that  the 
response  could  be  elicited  with  a  preparation  of  sheep  luteinizing  hormone 
(Armour  and  Co.,  Lot  No.  227-80)  at  rather  high  doses,  but  preparations 
of  the  follicle  stimulating  hormone,  adrenocorticotrophin,  thyrotrophin  and 
prolactin,  as  well  as  chorionic  gonadotrophin,  were  inactive.  The  fish 
pituitary  gland  is  said  to  be  rich  in  lutenizing  hormone  (Witschi,  1940)  and 
it  was  thought  that  the  spawning  reflex  factor  might  be  associated  with 
this  gonadotrophin.  However,  prolonged  treatment  with  active  spawning 
reflex  fractions  at  high  dosage  levels  completely  failed  to  stimulate  the 
regressed  testes  of  hypophysectomized  male  killifish.  On  the  other  hand  the 
sheep  luteinizing  hormone,  mentioned  above,  is  capable  of  stimulating  the 
regressed  testes  after  repeated  injections  of  extremely  dilute  solutions 
(Pickford,  unpublished  observations).  Furthermore,  active  spawning  reflex 
fractions  failed  to  elicit  sperm  release  in  male  frogs  (Atz  and  Pickford, 
1954),  although  this  reaction  is  readily  evoked  by  the  sheep  luteinizing 
hormone,  even  at  high  dilutions.  It  therefore  became  more  and  more  un¬ 
likely  that  the  fish  spawning  reflex  factor  could  be  identified  with  a 
gonadotrophin,  although  a  purified  fish  gonadotrophin  has  not  been  pre¬ 
pared  and  tested  in  our  experiments.  At  this  stage  of  the  investigation  it 
was  thought  that  we  might  be  dealing  with  a  new^  pituitary  hormone, 
specifically  active  on  fish. 

The  solution  of  the  problem  came  unexpectedly,  as  the  result  of  some 
tests  with  posterior  lobe  hormones.  These  experiments  were  undertaken  to 
ascertain  w'hether  the  melanophore  concentrating  agent  always  present  in 
the  fish  pituitary  preparations  that  we  have  investigated,  might  be  asso¬ 
ciated  with  residual  posterior  lobe  activity.  When  posterior  lobe  prepara¬ 
tions  were  given  no  color  change  w'as  observed,  but,  to  our  astonishment, 
the  injected  fish  exhibited  \igorous  spawning  reflex  activity.  It  became 
necessary  to  find  out  whether  this  activity  could  be  attributed  to  vaso¬ 
pressin  and  (or)  oxytocin,  to  show  that  it  was  not  caused  by  a  trace  of 
some  unidentified  agent  in  the  natural  preparations  of  these  hormones,  and 
to  determine  whether  our  fish  and  beef  spawning  reflex  fractions  contained 
posterior  lobe  activities.  The  results  of  these  studies  are  reported  in  the 
present  contribution. 

Experimental  procedures  concerned  with  the  care  and  handling  of  the  fish,  and 
information  regarding  the  collection  of  fish  pituitarj’  glands,  has  been  given  in  previous 
publications  (Pickford,  1953a,b;  1954).  Other  procedures  are  indicated  in  the  appropriate 
sections.  It  should  be  noted  that  fractions  referred  to  as  “pollack,”  for  convenience,  were 
derived  predominantly  from  Pollachius  virens  (Linn.),  fractions  referred  to  as  “hake,” 
predominantly  from  Urophycis  tenuis  Mitchill.  However,  both  samples  contained  some 
admixture  of  other  species. 
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Assay  of  spawning  reflex  activity.  Three  variables  may  be  considered  for  purposes  of 
assay;  the  onset  time,  the  peak,  and  the  frequency.  In  the  majority  of  experiments  each 
fish  was  observed  for  a  period  of  one  hour  and  the  time  for  each  reflex  was  recorded. 
Practical  considerations  precluded  the  extension  of  the  period  of  observation  which, 
even  on  the  one  hour  basis,  is  extremely  time  consuming.  The  determination  of  the  peak 
of  activity  is  therefore  excluded  since,  with  weakly  active  preparations,  it  may  not  be 
attained  until  after  the  60  minute  deadline.  There  is  an  approximate  relationship  be¬ 
tween  the  onset  time,  the  peak,  and  the  frequency  but  an  analysis  of  this  aspect  of  the 
problem  would  require  study  of  the  complete  cycle  in  a  long  series  of  experiments.  In 
these  circumstances  it  was  decided  that  a  practical  working  unit  could  best  be  estab¬ 
lished  by  determining  the  minimum  dosage  level  at  which  the  response  could  just  be 
elicited  within  a  stated  interval  of  time  after  injection.  Inspection  of  the  data  indicated 
that  a  40  minute  deadline,  which  has  practical  advantages  in  shortening  the  period  of 
observation,  would  include  70-80%  of  the  fish  that  would  have  given  positive  results 
on  the  60  minute  assay.  The  40  minute  deadline  has  the  further  advantage  of  excluding 
all  really  weak  and  uncertain  responses  at  minimal  dosage  levels. 

A  major  difficulty  in  the  establishment  of  a  satisfactory  method  of  assay  results 
from  the  extremely  high  degree  of  individual  variation.  The  cause  of  this  has  not  been 
determined.  It  is  not  due  to  sex,  nor  to  the  condition  of  the  gonads;  castrated  or  hypo- 
physectomized  fish  are  as  responsive  as  normal  individuals.  Temperature  has  little  or 
no  effect,  at  least  within  the  range  of  15-20°  C.  at  which  all  the  tests  have  been  made. 
Obviously  sick  fish  are  unresponsive,  but  such  individuals  would  not  be  used.  Bright 
lights  were  avoided  because  it  was  discovered  that  intense  illumination  under  flood 
lights,  for  purposes  of  photography,  tended  to  inhibit  the  response.  The  injections  have 
usually  been  made  under  anesthesia  with  tricaine  methane  sulfonate,  from  which  the 
fish  rapidly  recover,  but  experiments  with  unanesthetized  fish  gave  similar  results.  There 
is  a  suggestion,  from  tests  with  pollack  pituitary  fraction  F6EF  (Table  1,  footnote)  and 
also  from  the  oxytocin  assays  (Table  2),  that  the  response  is  retarded  when  the  prepara¬ 
tion  is  dissolved  in  0.05%  acetic  acid  instead  of  saline,  but  this  aspect  of  the  problem 
requires  further  study.  Even  at  high  dosage  levels  there  have  been  occasional  instances 
of  unresponsiveness  for  which  no  explanation  could  be  found,  and  this  circumstance 
must  be  taken  into  consideration  in  the  definition  of  the  provisional  unit,  which  follows: 

One  Fundulus  Unit  (F.u.)=the  amount  of  material  given  per  gram  weight  of  fish 
which  will  elicit  at  least  one  unmistakable  spawning  reflex  in  40  to  60%  of  the  recipients 
within  a  period  of  40  minutes  following  intraperitoneal  injection.  One  f.u.  is  approxi¬ 
mately  equivalent  to  10  pg.  of  pollack  pituitary  fraction  FOG. 

Examples  of  the  assay  of  various  spawning  reflex  fractions  are  given  in  Table  1. 

Preparation  of  fractions  active  in  the  spawning  reflex  factor.  The  active 
fractions  are  by-products  of  the  procedure  for  isolating  growth  hormone 
from  fish  pituitaries.  Fresh  frozen  pituitaries,  partially  thawed,  are  re¬ 
frozen  by  admixing  them  with  coarsely  ground  dry  ice.  The  glands  are 
ground  to  a  fine  powder  by  passing  the  mixture  2  or  3  times  through  a  dry 
food  grinder.  The  dry  ice  is  removed  by  evaporation.  All  subsequent 
operations  are  carried  out  in  the  cold  room  at  0-5°  C. 

The  ground  glands  are  extracted  by  mechanical  stirring  for  one  hour  in 
0.3M  KCl  (2.5  ml.  per  gm.  fresh  glands)  at  pH  5.4-5.5.  The  mixture  is 
centrifuged,  the  supernatant  is  poured  off,  and  the  gland  residue  re¬ 
extracted  for  one  hour  as  before.  The  mixture  is  centrifuged  and  the 
supernatant  fluid  is  combined  with  the  first  extract. 
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The  combined  extracts  are  adjusted  to  pH  8.5  and  47.5  per  cent  ethanol 
is  added  dropwise  to  the  mechanically  stirred  system  at  a  rate  not  exceed¬ 
ing  60  ml.  per  hour,  until  the  ethanol  concentration  is  10  per  cent.  The 
mixture  is  centrifuged,  and  the  precipitate  is  resuspended  in  water  and 
lyophilized. 

To  the  10%  ethanol  supernatant,  more  47.5  per  cent  ethanol  is  added 
until  the  ethanol  concentration  is  20  per  cent,  and  then  95  per  cent  ethanol 


Table  1.  Assay  of  spawning  reflex  activity  of  selected  fish  (F)'  and  beef  (B) 

PITUITARY  PREPARATIONS,  IN  SALINE 


Preparations 

Dose, 
mg.* 
per  gm. 

No.  fish 
tested 

No. 

responding 
in  40  min. 

Estim.  min. 

dose  for 

50%  response 

Assay, 

F.u. 

per  mg.* 

Frozen  pollack  glands 

1000* 

8 

4 

2000’ 

2 

2 

1000’ 

V 

F6D 

25 

4 

1 

35 

4 

2 

50 

4 

3 

35 

28 

F6EF‘ 

2 

2 

0 

5 

8 

3 

10 

6 

4 

7.5 

150 

F6G 

5 

2 

0 

10 

8 

4 

10 

100 

F6SF-64A 

2 

2 

0 

5 

4 

1 

10 

10 

4 

10 

100 

F6SF-64B 

2 

2 

0 

5 

4 

1 

10 

10 

8 

7.5 

150 

B88C« 

10 

4 

0 

20 

2 

0 

50 

6 

0 

100 

5 

4 

75 

13 

'  The  F  fractions  listed  were  prepared  from  our  1950  material,  predominantly  pollack. 

*  Dry  weight,  unless  otherwise  indicated. 

’  Wet  weight;  average  wet  weight  of  one  pollack  pituitary  =20  mg.,  average  dry  weight 
(acetone  extracted)  =2.8  mg.  Therefore  the  two  doses  tested  were  equivalent  to  280  and 
i40  Mg-  dry  weight  respectively. 

*  Per  mg.  wet  weight,  equivalent  to  7  f.u.  per  mg.  dry  weight. 

‘  Six  fish  were  tested  with  fraction  F6EF  in  0.05%  acetic  acid  instead  of  saline,  at  10 ^g. 
per  gram  weight.  None  responded  in  40  minutes. 

*  This  beef  fraction  corresponds  to  pollack  pituitary  fraction  F6D. 


is  added  until  the  ethanol  concentration  is  30  per  cent.  The  mixture  is 
centrifuged,  and  the  precipitate  is  re-suspended  in  water  and  lyophilized. 
This  fraction  appears  to  contain  the  bulk  of  the  growth-promoting  acti\T.ty. 

The  30%  ethanol  supernatant  solution  is.  adjusted  successively  to  pH 
5.4-5.5;  5.0-5. 1,  and  4.0-4. 1.  Precipitates  are  formed  at  each  pH,  and  are 
centrifuged  off,  resuspended  in  water,  and  lyophilized. 

These  3  precipitates  appear  to  contain  the  bulk  of  the  spawning  reflex 
activity  of  the  glands,  the  one  coming  down  at  pH  5.4-5.5  being  rather  less 
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Table  2.  Assay  of  natural  and  synthetic  posterior  lobe  hormones 


"  ' 

Dose 

mu/g. 

No.  of 

No. 

Estimated 

Preparation 

fish 

tested 

responding 
in  40  min. 

minimum 
dose  mu/g. 

Natural 

2 

1 

0 

arginine 

5 

2 

0 

vasopressin 

20 

10 

6 

5081.23, 

40 

3 

3 

in  saline 

60 

9 

.8 

20 

Natural 

20 

2 

0 

oxytocin 

40 

5 

1 

PC4-90A 

50 

4 

1 

in  0.05% 

60 

7 

4 

acetic 

100 

2 

2 

60 

Natural 

20 

6 

2 

oxytocin 

40 

7 

3 

O-N-2, 
in  saline 

60 

5 

5 

40 

Svnthetic 

20 

9 

3 

oxvtocin 

30 

5 

1 

O-S-4, 

40 

9 

2 

in  saline 

60 

5 

3 

75 

8 

4 

100 

2 

2 

60 

active  than  the  other  two.  (They  correspond  to  pollack  pituitary  fractions 
F6D,  F6EF  and  F6G,  respectively,  cited  in  Tables  1  and  3). 

An  attempt  at  further  purification  of  these  fractions  was  carried  out  as 
follows: 

The  3  “isoelectric”  fractions  containing  the  activity  were  combined, 
suspended  in  distilled  water  sufficient  to  make  a  1  per  cent  solution,  ad¬ 
justed  to  pH  5.0-5.1,  stirred  mechanically  for  one  hour,  and  finally, 
centrifuged.  A  muddy  brown  residue,  well  packed,  was  obtained.  This  was 


Table  3.  Oxytocic  and  vasopressor  activity  of  fish  (F)  and  beef  (B)  spawning 

REFLEX  FRACTIONS,  AND  OF  NATURAL  AND  SYNTHETIC  OXYTOCIN 


Preparation 

Spawning 

reflex 

F.u./mg.‘ 

Oxytocic 

u/mg.‘ 

Vaso¬ 

pressor 

u./mg.' 

Ratio, 

oxytocie; 

vaso¬ 

pressor 

Ratio, 
spawning 
reflex ; 
oxytocic 

Frozen  pollack  glands 

•  1» 

0.098* 

0.041* 

2.4 

10 

F6A 

None 

0.015 

c.0.01 

c.l  .5 

— 

F6I) 

28 

1.12 

0.48 

2.3 

25 

F6EF 

150 

4.2 

1 .8 

2.3 

36 

FOG 

100 

3.8 

1  .8 

2.1 

26 

F6SF-64A 

100 

3.6 

— 

— 

28 

F6SF-64B 

150 

9.4 

— 

— 

16 

B88C 

13 

0.74 

— 

— 

18 

PC4-90A 

— 

— 

— 

— 

17* 

O-N-2 

— 

— 

— 

— 

25* 

O-S-4 

— 

— 

— 

— 

17* 

*  Dry  weight,  unless  otherwise  indicated. 

*  Wet  weight  (see  Table  1,  footnote  3). 

*  From  data  given  in  Table  2. 
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suspended  in  water  and  lyophilized.  It  proved  to  have  little  or  no  activity. 

To  the  supernatant,  now  clear  and  nearly  colorless,  95  per  cent  ethancl 
was  added  slowly  dropwise  to  a  concentration  of  20  per  cent  ethanol.  The 
pH  shifts  to  about  5.4  during  this  addition,  and  the  solution  becomes 
heavily  opalescent.  On  adjusting  the  pH  to  5.0-5. 1  flocculation  occurs.  The 
mixture  is  centrifuged  and  the  precipitate  is  taken  up  in  wateV  and  lyo¬ 
philized.  This  fraction  (represented  by  F6SF-64A)  is  about  as  active  as  the 
more  active  of  the  crude  fractions  (see  Table  1). 

To  the  water-clear  20%  ethanol  supernatant  95%  ethanol  is  added  to 
make  a  final  concentration  of  30%.  Again,  on  readjusting  the  pH  to 
5.0-5. 1,  the  opalescent  solution  flocculates.  It  is  centrifuged  and  the 
precipitate  is  taken  up  in  water  and  lyophilized.  This  fraction  (F6SF-64B), 
which  represents  about  10  per  cent  of  the  combined  crude  fractions  is 
somewhat  enriched  in  spawning  reflex  activity. 

This  procedure  has  been  applied  to  glands  from  hake  as  well  as  pollack, 
and  to  corresponding  fractions  from  beef  pituitary  glands  (for  example, 
B88C,  Table  1).  Active  products  were  obtained  in  each  instance,  but  there 
was  a  considerable  difference  in  relative  activity,  the  fish  fractions  being 
by  far  the  more  active.  This  suggests  that  the  amounts  present  in  the 
glands  of  different  species  of  animals  may  be  different,  or  that  the  active 
proteins  themselves  differ  somewhat  in  their  properties,  or  that  both 
conditions  obtain.  On  the  other  hand,  at  least  in  fish,  there  may  be  seasonal 
differences.  The  pollack  glands  were  taken  from  fish  in  a  pre-spawning 
condition,  whereas  the  hake  had  recently  completed  spawning.  However, 
preparations  from  hake  glands  had  approximately  the  same  order  of 
activity  as  the  corresponding  pollack  fractions. 

Spawning  reflex  tests  with  posterior  lobe  hormones.  The  results  of  assays 
with  highly  purified  natural  vasopressin  and  oxytocin,  and  with  synthetic 
oxytocin,  are  shown  in  Table  2.  The  assays  are  expressed  in  terms  of 
milliunits  of  vasopressin  or  oxytocic  activity,  rather  than  in  Fundulus 
units.  It  will  be  observed  that  all  three  preparations  have  approximately 
the  same  order  of  acti\nty.  Since  synthetic  oxytocin  elicits  a  response  at  a 
dosage  level  that  is  not  significantly  different  from  that  shown  by  the 
natural  product,  the  possibility  that  the  latter  contains  traces  of  some 
unknown  active  agent  is  excluded.  It  was  necessary  to  exclude  this  possi¬ 
bility  on  account  of  the  rather  high  dosage  levels,  of  the  order  of  20  to  60 
milliunits  per  gram  weight,  that  are  required  to  elicit  the  response. 

Some  of  the  tests  with  natural  vasopressin  and  oxytocin  were  made  on 
white  background  adapted  fish  with  faded  denervated  caudal  bands, 
according  to  the  method  of  Abramowitz  (1939,  1940)  for  the  assay  of 
intermedin.  It  was  found  that  natural  vasopressin  (du  Vigneaud,  sample 
5081.23)  contains  traces  of  the  melanophore  dispersing  hormone,  some 
darkening  being  observed  even  at  dosage  levels  of  5  milliunits  per  gram 
weight.  Natural  oxytocin  (PC4-90A)  was  free  from  this  activity. 
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Assay  of  spawning  reflex  fractions  for  oxytocin  and  vasopressin.  Since 
purified  posterior  lobe  hormones  elicit  the  spawning  reflex  response  it 
became  necessary  to  determine  whether  these  activities  were  present  in  the 
fish  and  beef  spawning  reflex  fractions.  The  powders  were  placed  in  a 
boiling  water  bath  for  5  minutes  in  a  solution  of  0.25%  acetic  acid  in 
isotonic  saline.  After  centrifugation  the  supernatants  were  assayed  for 
oxytocic  activity  by  the  rat  uterus  method  of  Holton  (1948).  The  same 
extracts  were  assayed  for  vasopressor  activity  on  cats  anesthetized  with 
nembutal,  by  the  procedure  described  in  the  U.S.  Pharmacopeia  XIV.  This 
method  is  neither  as  reliable  nor  as  accurate  as  the  oxytocin  assay,  but 
the  results  were  satisfactory,  except  for  fraction  F6A  where  the  material 
available  was  not  sufficient  for  a  complete  assay  run.  Both  oxytocic  and 
vasopressor  activities  of  the  fish  preparations  tested  were  destroyed  by 
exposure  to  1  N  NaOH  for  3  hours.  This  is  in  accord  with  the  known 
alkali-lability  of  the  posterior  lobe  hormones,  and  makes  it  less  probable 
that  a  non-specific  agent  in  fish  pituitary  might  be  responsible  for  the 
observed  effects. 

The  figures  (Table  3)  show  that  there  is  a  fairly  good  correlation  between 
oxytocic  activity  and  the  spawning  reflex  assay,  but  it  must  be  remembered 
that  the  spawning  reflex  assay  is  not  very  accurate  and  essentially  similar 
results  can  be  obtained  with  preparations  that  are  somewhat  stronger  or 
weaker  than  the  estimated  minimum  dose  (see  Table  1). 

DISCUSSION 

The  procedure  for  estimating  the  spawning  reflex  activity  leaves  much 
to  be  desired,  and  it  may  not  be  construed  as  an  assay  in  the  proper  sense. 
It  has  not  yet  been  possible  to  find  a  satisfactory  way  of  handling  the  three 
variables  of  time  of  onset,  frequency  of  response,  and  duration  of  response. 
The  choice  of  a  proper  method  is  further  complicated  by  the  variability  of 
individual  fish,  for  which  there  is  as  yet  no  adequate  explanation.  This  also 
lends  a  somewhat  precarious  quality  to  a  test  which  is  essentially  of  the 
“threshold"  type.  It  is  hopied  that  in  time  a  more  satisfactory  method  of 
estimating  spawning  reflex  activity  may  be  worked  out. 

Notwithstanding  the  obvious  defects  of  the  spawning  reflex  activity 
tests,  the  correlation  between  the  indicated  relative  activities  of  the  series 
of  fractions  tested  and  their  oxytocic  and  vasopressor  activities  is  reason¬ 
ably  good.  Taken  together  with  the  observation  that  natural  vasopressin 
and  oxytocin,  and  synthetic  oxytocin,  all  elicit  spawning  reflex  activity, 
the  data  furnish  a  reasonable  basis  for  associating  spawning  reflex  act)\dty 
with  the  neurohypophysial  hormones  of  the  fish. 

Several  problems  of  biochemical  interest  are  presented  by  these  obser¬ 
vations.  The  active  fish  pituitary  preparations  so  far  obtained  are  pre¬ 
dominantly  protein  in  character,  and  it  remains  therefore  to  be  seen 
whether  a  protein  of  the  type  isolated  by  Van  Dyke  et  al.  (1942),  containing 
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both  activities  in  constant  ratio,  can  be  isolated  from  the  active  fish  frac¬ 
tions,  and  characterized.  Of  greater  interest  and  importance  is  the  fact 
that  although  the  two  active  principles  of  the  mammalian  posterior  lobe 
can  be  isolated  as  simple  octapeptides,  it  remains  to  be  seen  whether  this 
may  also  be  true  of  the  fish  neurohypophysis,  and  if  so,  how  closely  they 
resemble,  in  structure  and  composition,  oxytocin  and  vasopressin  as  they 
are  now  known  through  the  work  of  du  Vigneaud  and  his  colleagues.  The 
magnitude  of  the  problem  may  be  appreciated  from  the  following  calcu¬ 
lations.  Synthetic  oxytocin  has  a  potency  of  the  order  of  600  units  per  mg. 
It  elicits  spawning  reflex  activity  in  a  dose  of  about  60  milliunits  (that  is  0.1 
microgram) .  Our  best  fish  pituitary  preparations  exhibit  similar  activity  at 
10  micrograms.  They  may,  therefore,  be  only  about  1  per  cent  pure  as  com¬ 
pared  to  the  ultimate  peptides.  The  purified  protein  of  Van  Dyke,  with  an 
activity  of  16  units  per  mg.,  is  therefore  about  3  per  cent  “pure”  with  re¬ 
spect  to  the  peptide,  so  that  the  problem  here  is  of  the  same  order  of  mag¬ 
nitude  in  this  respect;  the  difficulty  is  in  the  scarcity  of  the  source  material. 
It  is  hoped  that  new  and  vastly  greater  supplies  of  fish  pituitary  may  soon 
be  available,  so  that  we  can  press  forward  toward  the  solution  of  a  very 
interesting  problem  in  the  comparative  biochemistry  of  the  pituitary  gland. 

The  initiation  of  spawning  reflex  behavior  in  Fundulus  is  the  only  clear 
cut  response  to  neurohypophysial  hormones  that  has  ever  been  demon¬ 
strated  in  fish.  This  is  probably  rather  a  specialized  adaptation  but,  if  it 
has  a  physiological  function,  it  is  one  that  is  directly  concerned  with 
reproduction.  Previous  considerations  of  the  comparative  physiology  of  the 
neurohypophysis  have  been  concerned  primarily  with  its  role  in  the  main¬ 
tenance  of  body  water  (Heller,  1945,  1950;  Sawyer  and  Sawyer,  1952).  No 
water  balance  or  antidiuretic  responses  by  fish  to  neurohypophysial 
extracts  have  yet  been  demonstrated  although  investigations  of  this  sub¬ 
ject  have,  unfortunately,  been  few  (Callamand  et  al.,  1951). 

The  importance  of  the  neurohypophysis  in  the  control  of  a  mammalian 
reproductive  function,  the  “let-down”  of  milk,  has  been  well  established. 
This  must,  obviously,  be  an  adaptation  peculiar  to  mammals.  Neverthe¬ 
less,  the  association  of  the  neurohypophysis  with  sex  in  fish  as  well  as  in 
mammals  suggests  that  this  gland,  present  in  all  classes  of  vertebrates,  may 
have  a  primitive  reproductive  function,  as  yet  unknown.  The  effects  on 
water  metabolism  in  the  tetrapods  may  be  a  more  recent  adaptation  of  the 
neurohypophysial  secretion  associated  with  the  terrestrial  habitat. 
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SUMMARY 

The  preparation  of  partially  purified  fish  and  beef  pituitary  protein 
fractions  that  are  rich  in  fish  spawning  reflex  activity,  is  described. 

A  method  of  assay  of  spawning  reflex  activity,  based  on  the  minimum 
dose  that  will  elicit  a  response  within  40  minutes,  is  described  and  a 
Fundulus  unit  is  defined. 

The  spawning  reflex  response  can  be  elicited  with  purified  natural 
arginine  vasopressin,  purified  natural  oxytocin,  and  synthetic  oxytocin  at 
approximately  similar  dosage  levels  (20  to  60  milliunits  per  gram  weight, 
on  the  40  minute  assay). 

Fish  and  beef  pituitary  preparations  with  spawming  reflex  activity  con¬ 
tain  both  oxytocic  and  vasopressor  activity  in  approximate  proportion  to 
their  spawning  reflex  assay. 
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AWARDS  OF  THE  ENDOCRINE  SOCIETY 

The  selection  of  the  recipients  of  the  awards  of  The  Endocrine  Society 
is  made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 

Medal  of  The  Endocrine  Society 

In  1954  the  Council  of  the  Society  voted  to  establish  a  medal  and  an 
honorarium  of  $1,000  to  be  given  to  an  individual  for  work  of  special 
distinction  in  endocrinology.  The  recipient  shall  be  chosen  from  nomina¬ 
tions  presented  by  members  of  the  Society  and  is  limited  to  citizens  of  the 
United  States  and  Canada.  In  1955  the  Medal  was  presented  to  Dr.  Carl 
R.  Moore. 

The  Ciba  Award 

The  Ciba  Award  to  recognize  the  meritorious  accomplishments  of  an 
investigator  not  more  than  35  years  of  age  in  the  field  of  clinical  or  preclin- 
ical  endocrinology  was  established  in  1942,  but  no  recipient  was  selected 
in  1942  or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B.  Astwood; 
1945,  Dr.  Jane  A.  Russell;  1946,  Dr.  Martin  M.  Hoffman;  1947,  Dr.  Choh 
Hao  Li;  1948,  Dr.  Carl  Heller;  1949,  Dr.  George  Sayers;  1950,  Dr.  Oscar  M. 
Hechter;  1951,  Dr.  Albert  Segaloff;  1952,  Dr.  Seymour  Lieberman;  1953, 
Dr.  Sidney  Roberts  and  Dr.  Claire  Szego  (Mrs.  Roberts) ;  1954,  Dr.  Isodore 
M.  Rosenberg;  1955,  Dr.  Jack  Gross.  Prior  to  1952  the  Award  was  $1,200. 
It  is  now  $1,800.  If  within  twenty-fourth  months  of  the  date  of  the  Award, 
the  recipient  should  choose  to  use  it  toward  further  study  in  a  laboratory 
other  than  that  in  which  he  is  at  present  working,  it  will  be  increased  to 
$2,500. 

The  Ayerst,  McKenna  and  Harrison  Fellowship 

This  fellowship  was  established  in  1947.  It  is  designed  to  assist  men  or 
women  of  exceptional  promise  in  furthering  their  advancement  towards  a 
career  in  endocrinology.  The  fellowship  is  awarded  on  alternate  years 
(1955,  1957,  etc.)  and  the  stipend  which  will  not  exceed  $5,000  may  be 
divided  into  two  Fellowships  in  varying  amounts  in  accordance  with  the 
qualifications  of  the  appointees.  Individuals  possessing  the  M.D.  or  Ph.D. 
degree  or  candidates  for  either  of  these  degrees  are  eligible  for  appointment. 

Applicants  must  submit  the  following  information; 

(1)  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 
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(2)  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

(3)  A  proposed  program  of  study. 

(4)  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

(5)  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  vol¬ 
untary  basis. 

The  Schering  and  The  Upjohn  Scholars  of 
The  Endocrine  Society 

The  Council  of  The  Endocrine  Society  established  a  category  of  Scholars. 
These  grants  have  been  made  available  through  the  generosity  of  The 
Schering  Corporation  and  The  Upjohn  Company,  and  will  be  awarded  to 
established  investigators  and  teachers  in  the  fields  of  endocrinology  who 
wish  to  extend  their  opportunities  for  work  either  in  this  country  or  abroad. 

The  award  will  not  exceed  $2,500  annually  for  each  individual,  and  shall 
be  granted  on  the  basis  of  proposals  submitted  by  the  applicant  and  such 
applications  should  include  the  estimated  financial  needs.  The  funds  may 
be  used  for  travel,  maintenance  and  other  expenses. 

Nominations 

Nominations  for  the  Medal  of  The  Endocrine  Society;  the  Ciba  Awards 
and  the  Ayerst,  McKenna  and  Harrison  Fellowship  may  be  made  by  any 
member  of  The  Endocrine  Society.  They  should  be  submitted  on  forms 
which  may  be  obtained  from  the  Office  of  the  Secretary,  1200  N.  Walker 
Street,  Oklahoma  City  3,  Oklahoma.  Completed  nominations  should  be 
returned  to  the  Secretary  not  later  than  November  1st  each  year. 

Proposals  for  appointment  as  Scholars  of  The  Endocrine  Society  should 
be  made  in  writing  by  the  individual,  and  addressed  to  the  Secretary  of 
the  Society.  They  should  be  submitted  by  November  1,  1955. 

The  Awards  Committee  will  meet  in  November  and  notice  of  awards  to 
successful  nominees  and  applicants  will  be  made  not  later  than  December  1, 
1955. 


